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DESCRIPTION 

Jt- CON JUGATED AROAMTIC RING -CONTAINING COMPOUND AND 
ORGANIC ELECTROLUMINESCENT DEVICE 

5 

TECHNICAL FIELD 

[0001] 

This invention relates to a Jt-con jugated aromatic 
10 ring- containing compound and more particularly, to a 

jt-con jugated aromatic ring-containing compound that can be 
favorably used as a light -emitting material, for example, for 
organic electroluminescent device . 

15 BACKGROUND ART 

[0002] 

Conventionally, inorganic electroluminescent devices 
have been in use as a planar light source. Because an 
alternating high voltage is needed for driving the device and 
20 blue light emission is difficult, a difficulty has been 

involved in full colorization based on the three prime colors 

of RGB. 

[0003] 

On the other hand, electroluminescent devices using 
25 organic materials have been extensively investigated up to now. 
For instance, reports have been made on the use of single 
crystal anthracene or the like as a fluorescent organic 
compound (Patent Document 1: USP 3,530,325 specification), a 
combination of a hole transport layer and an emission layer 
30 (Patent Document 2: JP-A 59-194393), a combination of a hole 
transport layer, an emission layer and an electron transport 
layer (Non-Patent Document 1: Japanese Journal of Applied 
Physics), and the like. 
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[0004] 

Organic electroluminescent devices should meet 
requirements for energy conversion efficiency, luminous 
efficiency and stability of light-emitting materials. The 
5 above-mentioned organic electroluminescent devices are not 
satisfactory with respect to these characteristic properties 
and thus, further improvements are demanded. 

With a full color display, light-emitting materials for 
red, green and blue constituting the three prime colors are 
10 necessary, with the attendant problem on color purities 
thereof. It is known that currently known organic 
electroluminescent devices are not satisfactory with respect 
to the red light emission efficiency. 

To cope with this deficiency, there has been developed 
is an organic electroluminescent device wherein blue or bluish 
green light emission from an organic light-emitting material 
is subjected to color conversion with a fluorescent dye to 
emit red light (Patent Document 4: JP-A 3-152897). 
[0005] 

20 In the technique of this Patent Document 4, a difficulty 

is involved in that because blue or bluish green light 
generated from an organic light-emitting material is absorbed 
and only a little number of dyes having a red fluorescence is 
known, blue to red color conversion is carried out by one step. 

25 In the technique of the Patent Document 4, although a stepwise 
technique using a plurality of dyes is adopted, this technique 
has a problem in that the emission efficiency of device lowers. 
[0006] 

Further, taking these techniques into account, there has 
30 been developed an organic electroluminescent device wherein an 
organic light -emitting material capable of generating light in 
a bluish violet region and a fluorescent dye absorbing light 
in the bluish violet region (Patent Document 5: EP-A 1067165). 
In the technique of this patent document 5, because a 
35 dye having absorption of light in a bluish violet region and 
also having a red fluorescence is used, conversion to red is 
possible by one step and its efficiency can be improved over 
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the case using the two-step conversion. However, this method 
makes use of conversion of bluish violet into red and thus, a 
lowering of emission efficiency is not avoidable. In addition, 
when using conventional organic light-emitting materials, an 
5 emission intensity after conversion into red is not always 
satisfactory. 

For organic light -emitting materials of organic 
electroluminescent devices, stable light -emitting materials 
having excellent charge transportability have been demanded. 
10 [0007] 

[Patent Document 1] 

USP 3,530,325 specification 
[Patent Document 2] 

JP-A 59-194393 
15 [Patent Document 3] 

JP-A 63-295695 
[Patent Document 4] 

JP-A 3-152897 
[Patent Document 5] 
20 EP-A 1067165 

[Non-Patent Document 1] 

"Japanese Journal of Applied Physics (Jpn. J. Appl. 

Phys.)" , Japan Society of Applied Physics, 

Corporation Aggregate of Japan, 1988 Vol. 27, pp. 
25 L269-L271 



DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 

[0008] 

30 Under these circumstances, the invention has for its 

object the provision of a jc-con jugated aromatic 
ring-containing compound that is useful as a light-emitting 
material for emission in bluish violet to red regions and is 
relatively stable and alsp of an electroluminescent device 

35 provided with an organic thin layer constituted to contain the 
compound . 
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MEANS FOR SOLVING THE PROBLEMS 

[0009] 

In order to achieve the above object, we made intensive 
studies and, as a result, found that a jt-con jugated aromatic 
ring- containing compound having an ene-yne Jt- con jugated chain, 

preferably an ene-diyne Jt-con jugated chain, and an aromatic 
ring moiety has a relatively high fluorescence intensity in a 
bluish violet region, may serve as a red light-emitting 
material depending on the type of heteroaromatic ring, and can 
serve as a stable light -emitting material having excellent 
charge transportability, and that the compound is suited for a 
light-emitting material for organic electroluminescent device. 
[0010] 

More particularly, the invention provides: 
1. A rc-con jugated aromatic ring-containing compound, 
characterized by being represented by the formula (1), 
[ Chemical Formula 1 ] 




(1) 



{wherein R 1 represents a hydrogen atom, a halogen atom, a 
20 cyano group, a nitro group, a dimethylamino group, a 

diphenylamino group, an alkoxy group having 1 to 3 carbon 
atoms, an alkyl group having 1 to 10 carbon atoms, a 
halogenated alkyl group that has 1 to 10 carbon atoms and may 
be optionally substituted with a fluorine atom or chlorine 
25 atom, or a group represented by the following formula (2) or a 
group represented by the following formula (3), 
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[Chemical Formula 2] 

R 7 
OH 

(2) (3) 

[wherein E represents a hydrogen atom, a substituted silyl 
group, a phenyl group, a naphthyl group, a pyridyl group, a 
5 pyrimidinyl group, a pyridazinyl group, a pyrazinyl group, a 
furanyl group, a pyrollyl group, a pyrazolyl group, an 
imidazolyl group, a thienyl group (provided that the phenyl 
group, naphthyl group, pyridyl group, pyrimidinyl group, 
pyridazinyl group, pyrazinyl group, furanyl group, pyrollyl 

10 group, pyrazolyl group, imidazolyl group or thienyl group may 
be optionally substituted with a halogen atom, a cyano group, 
a nitro group, a dimethylamino group, a diphenylamino group, 
an alkoxy group having 1 to 3 carbon atoms, an alkyl group 
having 1 to 10 carbon atoms, or a halogenated alkyl group that 

15 has 1 to 10 carbon atoms and may be optionally substituted 
with a fluorine or chlorine atom) , R 7 and R 8 independently 
represent an alkyl group having 1 to 10 carbon atoms], R 2 , R 3 , 
R 4 , and R 5 independently represent a hydrogen atom or an alkyl 
group having 1 to 10 carbon atoms, R 6 represents a hydrogen 

20 atom, a substituted silyl group, a phenyl group, a naphthyl 
group, a pyridyl group, a pyrimidinyl group, a pyridazinyl 
group, a pyrazinyl group, a furanyl group, a pyrollyl group, a 
pyrazolyl group, an imidazolyl group, a thienyl group 
(provided that the phenyl group, naphthyl group, pyridyl group, 

25 pyrimidinyl group, pyridazinyl group, pyrazinyl group, furanyl 
group, pyrollyl group, pyrazolyl group, imidazolyl group or 
thienyl group may be optionally substituted with a halogen 
atom, a cyano group, a nitro group, a dimethylamino group, a 
diphenylamino group, an alkoxy group having 1 to 3 carbon 

30 atoms, an alkyl group having 1 to 10 carbon atoms, or a 

halogenated alkyl group that has 1 to 10 carbon atoms and may 
be optionally substituted with, a fluorine or chlorine atom), a 
group represented by the afore-indicated formula (2) or a 
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group represented by the afore-indicated formula (3), A and D 
independently represent a naphthalene ring, an anthracene ring, 
a phenanthrene group, a phenarene ring, a fluorene ring, a 
triphenylene ring, a pyrene ring, a perylene ring, a pyridine 
5 ring, a pyrimidine ring, a pyridazine ring, a pyrazine ring, a 
furan ring, a pyrrole ring, a pyrazole ring, an imidazole ring, 
a thiophene ring, a benzothiadiazole ring, a 

thieno [3, 4 -b] pyrazine ring, a f uro[ 3 , 4 -b] pyrazine ring or a 
6H-pyrrolo [3, 4 -b] pyrazine ring (provided that these rings may 

10 be optionally substituted with a phenyl group, a halogen atom, 
a cyano group, a nitro group, a dimethylamino group, a 
diphenylamino group, an alkoxy group having 1 to 3 carbon 
atoms, an alkyl group having 1 to 10 carbon atoms or a 
halogenated alkyl group that has 1 to 10 carbon atoms and may 

15 be optionally substituted with a fluorine atom or a chlorine 
atom), a 1# a 2 , and a 3 are independently 0 or 1 , and n x and n 2 
are independently an integer of 1 to 5}; 

2. A jr-con jugated aromatic ring-containing compound, 
characterized by being represented by the formula (4), 
20 [Chemical Formula 3] 



-(-Z'-R 9 -^ 1 - 



V 

b 2 R 5 



m. 



(4) 



rri2 



[wherein R 2 , R 3 , R 4 , R 5 and R 6 , respectively, have the same 
meanings as defined above, Z 1 , Y 1 , and Y 2 independently 
represent a benzene ring, a naphthalene ring, an anthracene 

25 ring, a phenanthrene group, a phenarene ring, a fluorene ring, 
a triphenylene ring, a pyrene ring, a perylene ring, a 
pyridine ring, a pyrimidine ring, a pyridazine ring, a 
pyrazine ring, a furan ring, a pyrrole ring, a pyrazole ring, 
an imidazole ring, a thiophene ring, a benzothiadiazole ring, 

30 a thieno [3, 4 -b] pyrazine ring, a furo[ 3 , 4 -b] pyrazine ring or a 
6H-pyrrolo[ 3 , 4 -b] pyrazine ring (provided that these rings may 
be optionally substituted with a phenyl group, a halogen atom, 
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a cyano group, a nitro group, a dimethylamino group, a 
diphenylamino group, an alkoxy group having 1 to 3 carbon 
atoms, an alkyl group having 1 to 10 carbon atoms or a 
halogenated alkyl group that has 1 to 10 carbon atoms and may 
5 be optionally substituted with a fluorine atom or a chlorine 
atom), R 9 represents a single bond, -O- , -S-, -S(O)-, -S(0 2 )-, 
-C(0)0-, -OC(O)-, -C(S)0-, -OC(S)-, -C(0)NH-, -NHC(O)-, 
-C(S)NH-, -NHC(S)-, -NH- or a divalent saturated or 
unsaturated hydrocarbon group that has 1-8 carbon atoms and 
10 may be branched, b x and b 2 are independently 0 or 1, c is an 
integer of 0 to 3, and m x and m 2 are independently an integer 
of 1 to 5] ; 

3. A Jt-conjugated aromatic ring-containing compound, 
characterized by being represented by the formula (5), 
15 [Chemical Formula 4] 




{wherein R 2 , R 3 , R 4 , R 5 and R 6 , respectively, have the same 
meanings as defined above, R 10 and R 11 independently represent a 
hydrogen atom or an alkyl group having 1 to 10 carbon atoms, 
20 Y 3 to Y 5 independently represent a benzene ring, a naphthalene 
ring, an anthracene ring, a phenanthrene group, a phenarene 
ring, a fluorene ring, a triphenylene ring, a pyrene ring, a 
perylene ring, a pyridine ring, a pyrimidine ring, a 
pyridazine ring, a pyrazine ring, a furan ring, a pyrrole ring, 
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a pyrazole ring, an imidazole ring, a thiophene ring, a 
benzothiadiazole ring, a thieno [ 3 , 4-b] pyrazine ring, a 
furo[3,4-b]pyrazine ring or a 6H-pyrrolo [ 3 , 4-b] pyrazine ring 
(provided that these rings may be optionally substituted with 
a phenyl group, a halogen atom, a cyano group, a nitro group, 
a dimethylamino group, a diphenylamino group, an alkoxy group 
having 1 to 3 carbon atoms, an alkyl group having 1 to 10 
carbon atoms or a halogenated alkyl group that has 1 to 10 
carbon atoms and may be optionally substituted with a fluorine 
atom or a chlorine atom), Z 2 represents a trivalent aryl group, 
a group represented by the following formula (6) or a group 
represented by the following formula ( 7 ) , 
[Chemical Formula 5] 



d x to d 3 are independently 0 or 1 , and k x to k 3 are 
independently an integer of 1 to 5}; 

4. The jr-con jugated aromatic ring-containing compound of 
1 above, characterized in that said R 1 is a hydrogen atom, a 
cyano group, a nitro group, a dimethylamino group, a 
diphenylamino group, a methoxy group, a propoxy group, a 
methyl group, a trif luoromethyl group, a group represented by 
the following formula (8) or a group represented by the 
following formula (9), 
[Chemical Formula 6] 




(7) 



CH 3 



E' 



CH 3 



OH 



(8) 



(9) 



[wherein E' represents a hydrogen atom, a trimethylsilyl group, 
a tri-i-propylsilyl group, a phenyl group, a pyridyl group, a 
thienyl group (provided that the phenyl group, pyrdyl group or 
thienyl group may be optionally substituted with a cyano group, 
5 a nitro group, a dimethylamino group, a diphenylamino group, a 
methoxy group, an n-propoxy group, a methyl group or a 
trif luoromethyl group) ] ; 

5. The jt-conjugated aromatic ring-containing compound of 
any one of 1-4, characterized in that said R 2 , R 3 , R 4 , and R 5 

10 independently represent a hydrogen atom, a methyl group, an 
ethyl group or an n-propyl group; 

6. The rc-conjugated aromatic ring-containing compound of 
any one of 1-5, characterized in that said R 6 is a hydrogen 
atom, a trimethylsilyl group, a tri-i-propylsilyl group, a 

15 phenyl group, a pyridyl group, a thienyl group (provided that 
said phenyl group, pyridyl group or thienyl group may be 
optionally substituted with a cyano group, a nitro group, a 
dimethylamino group, a diphenylamino group, a methoxy group, 
an n-propoxy group, a methyl group or a trif luoromethyl group), 

20 a group represented by the following formula (8) or a group 
represented by the following formula (9), 
[Chemical Formula 7] 

CH 3 

£' === CH3 

OH 

(8) 0) 

(wherein E' has the same meaning as defined before); 

25 7. The Jt- conjugated aromatic ring-containing compound of 

1 , characterized in that said A and D independently represent 
a pyridine ring, a pyrimidine ring, a pyridazine ring, a 
pyrazine ring, a furan ring, a pyrrole ring, a pyrazole ring, 
an imidazole ring, a thiophene ring, a benzothiadiazole ring, 

30 a thieno [3, 4 -b] pyrazine ring, a furo[ 3 , 4-b] pyrazine ring or a 
6H-pyrrolo[ 3, 4 -b] pyrazine ring (provided that these rings may 
be optionally substituted with a phenyl group, a halogen atom. 
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a cyano group, a nitro group, a dimethylamino group, a 
diphenylamino group, an alkoxy group having 1 to 3 carbon 
atoms, an alkyl group having 1 to 10 carbon atoms or a 
halogenated alkyl group that has 1 to 10 carbon atoms and may 
5 be optionally substituted with a fluorine atom or a chlorine 
atom) ; 

8. The Ji-con jugated aromatic ring-containing compound of 
7 , characterized in that said A and D independently represent 
a pyridine ring, a pyridazine ring, a thiophene ring, a 

10 benzothiadiazole ring or a thieno[ 3 , 4-b]pyrazine ring 

(provided that these rings may be optionally substituted with 
a phenyl group, a cyano group, a methoxy group, an n-propoxy 
group, a methyl group or a trif luoromethyl group); 

9. The Ji-con jugated aromatic ring- containing compound of 
15 2, 5, or 6, characterized in that said Z 1 , Y 1 , and Y 2 

independently represent a benzene ring, a naphthalene ring, an 
anthracene ring, a pyridine ring, a pyridazine ring, a 
thiophene ring, a pyrrole ring, a benzothiadiazole ring or a 
thieno[ 3 , 4-b]pyrazine ring (provided that these rings may be 
20 optionally substituted with a phenyl group, a cyano group, a 
methoxy group, an n-propoxy group, a methyl group or a 
trif luoromethyl group), and R 9 represents a single bond or -O-, 
b x and b 2 are both 1 , and c is 0 or 1 ; 

10. The Jt-con jugated aromatic ring-containing compound 
25 of 3, 5, or 6, characterized in that said Y 3 to Y 5 

independently represent a phenylene ring, a naphthalene ring, 
an anthracene ring, a pyridine ring, a pyridazine ring, a 
thiophene ring, a pyrrole ring, a benzothiadiazole ring or a 
thieno[3 , 4-b]pyrazine ring (provided that these rings may be 
30 optionally substituted with a phenyl group, a cyano group, a 
methoxy group, an n-propoxy group, a methyl group or a 
trif luoromethyl group), Z 2 is a group represented by the 
following formula (10) or a group represented by the following 
formula (11), and d x to d 3 are all 1, 
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[Chemical Formula 8] 




; and 



11. An organic electroluminescent device of the type 
5 which includes an anode and a cathode, and an organic thin 
film layer interposed their between, characterized in that 
said organic thin film layer is a layer constituted to contain 
the jt-con jugated aromatic ring-containing compound of 1-10. 



10 EFFECTS OF THE INVENTION 

[0011] 

The jt-conjugated aromatic ring-containing compound of 
the invention has such an en-yne (en-diyne) chain structure as 
shown in (1), (4), or (5) above, and is relatively excellent 

15 in stability because it is not a metal complex. Where a 
heteroaromatic ring site is included, the compound has a 
relatively high fluorescent intensity in a bluish violet 
region and also has a red f luorescenece , which is 
conventionally difficult to achieve with a single organic 

20 material, depending on the kind of heteroaromatic ring. 

Especially, the compound represented by the formula (5) has 
such a structure that conjugated systems extend in three 
directions and thus, has excellent charge transportability. 
For these reasons, the Jt-conjugated aromatic 

25 ring-containing compound of the invention can be conveniently 
used as a light -emitting material for organic 
electroluminescent device. The organic electroluminescent 
device using the Jt-con jugated aromatic ring-containing 
compound can be favorably used as a planar light source for 
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use as a backlight, a light emitting source, an illumination 
device, display devices such as a flat panel display, and the 
like. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 is a fluorescent spectrum of compound 36. 

Fig. 2 is a fluorescent spectrum of compound 43. 

Fig. 3 is a fluorescent spectrum of compound 56. 

io Fig. 4 is a fluorescent spectrum of compound 77. 



BEST MODE FOR CARRYING OUT THE INVENTION 

[0013] 

The invention is now described in more detail. 
15 The Jt-con jugated aromatic ring-containing compound of 

the invention is characterized by being represented by the 
above -indicated formula (1), (4), or (5). 

In the formula (1), (4), or (5), for the halogen atom, 
mention is made of a fluorine atom, a chlorine atom, a bromine 
20 atom or an iodine atom. 

For the alkoxy group having 1 to 3 carbon atoms , mention 
is made of a methoxy group, an ethoxy group, a propoxy group, 
or an isopropoxy group. 

For the alkyl group having 1 to 10 carbon atoms, the 
25 group may be linear, branched or cyclic and includes, for 

example, a methyl, ethyl, n- propyl, i- propyl, n- butyl, i- butyl, 
s-butyl, t-butyl, n-pentyl, i-amyl, t-amyl, neo-pentyl, 
n-hexyl, heptyl, octyl, nonyl or decyl group, or the like. 
[0014] 

30 For the halogenated alkyl group that has 1 to 10 carbon 

atoms and may be optionally substituted with a fluorine atom 
or chlorine atom, mention is made of a trif luoromethyl , 
2,2,2 - trif luoroe thyl , 1,1,2,2,2- pent af luoroe thyl , 
2 , 2 , 3 , 3 , 3-pentaf luoropropyl group, or the like. 

35 For the substituted silyl group, mention is made of 

trimethylsilyl , triethylsilyl , tri-n-propylsilyl , 
tri-i-propylsilyl, tri-n-butylsilyl , tri-i-butylsilyl , 
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tri-n-hexylsilyl , dimethylethylsilyl , dimethyl-n-propylsilyl , 
dimethyl -n- butyls ilyl, dimethyl-i-butylsilyl, 
dimethyl- t-butylsilyl, dimethyl-n-pentylsilyl, 
dimethyl-n-octylsilyl, dimethylcyclohexylsilyl , 
5 dime thylhexylcs ilyl, dimethyl- 2 , 3 -dime thy lpropylsilyl , 
dimethyl- 2 - ( bicycloheptyl ) silyl , dimethylbenzylsilyl , 
dime thy lphenyl s i ly 1 , dime t hy 1 -p-trisi ly 1 , 
dimethylf lophemethylsilyl , methyldiphenylsilyl , 
triphenylsilyl, diphenyl- t-butylsilyl , tribenzylsilyl , 
10 diphenylvinylsilyl , diphenyl-n-butylsilyl , 
phenylmethylvinylsilyl or the like. 
[0015] 

In the formula (4), specific examples of the divalent 
saturated or unsaturated hydrocarbon group that has 1-8 carbon 
15 atoms and may be branched include 

- CH 2 - , - CH 2 CH 2 - , - CH 2 CH 2 CH 2 - , - CH 2 CH 2 CH 2 CH 2 - , - CHMe - , - CMe 2 - , 
-CHEt-, -CEt 2 -, -CMeEt-, -CHMeCH 2 - , -CH 2 CHMe- , -CMe 2 CH 2 -, 

- CH 2 CMe 2 - , - CHMeCHMe - , - CMe 2 CHMe - , - CHMeCMe 2 - , - CMe 2 CMe 2 - , 
-CHEtCH 2 - , -CH 2 CHEt- , -CEt 2 CH 2 - , -CH 2 CEt 2 - , -CHEtCHEt- , 

20 -CEt 2 CHEt- , -CEt 2 CHEt- , -CHEtCEt 2 - , -CMeEtCH 2 - , -CH 2 CMeEt- , 

-CHMeCHEt- , - CHE t CHMe - , -CMeEtCHEt- , -CEt 2 CHMe-, -CHMeCEt 2 -, 
-CHEtCMeEt-, -CH=CH- , -CH=CHCH 2 -, -CH 2 CH=CH- , -CH=CHCH 2 CH 2 - , 
-CH 2 CH=CHCH 2 - , -CH 2 CH 2 CH=CH- , -CH=CHCH=CH- . -CMe=CH- , -CH=CMe- , 
-CMe=CMe- , -CEt=CH- , -CH=CEt- , -CMe=CEt- , -CMe=CHCH 2 - , 

25 -CH=CMeCH 2 - , -CH=CHCHMe- , -CMe=CMeCH 2 - , -CMe=CHCHMe- , 

- CH = CMe C HMe - , -CH=CHCMe 2 - , - CMe=CMeCHMe - , -CMe=CHCMe 2 - , 
-CH=CMeCMe 2 - , -CMe=CMeCMe 2 - , - CHMeCH=CH - . -CH 2 CMe=CH- , 
-CH 2 CH=CMe- , -CHMeCMe=CH- , - CHMeCH=CMe - , -CH 2 CMe=CMe- , 
-CMe 2 CH=CH- , - CHMeCMe = CMe - , -CMe 2 CMe=CH- , -CMe 2 CH=CMe- . 

30 -CMe 2 CMe=CMe- , -CMe=CHCH=CH- , -CH=CMeCH=CH- , -CH=CHCMe=CH- , 

-CH=CHCH=CMe- , -CMe=CMeCH=CH- , -CMe=CHCMe=CH- , -CMe=CHCH=CMe- , 
-CH=CMeCMe=CH- , -CH=CMeCH=CMe- , -CH=CHCMe=CMe- , 
-CMe=CMeCMe=CMe- , -CsC- . -C=CCH 2 - , -CH 2 C=C- , -CsCCH 2 CH 2 - , 

- CH 2 C=CCH 2 - , - CH 2 CH 2 CsC - . - C=CC=C - , - C=CCHMe - , - CHMeC=C - , 
35 -CsCCHEt- , -CHEtCsC- , -CsCCMe 2 - , -CMe 2 C=C- , -C=CCCEt 2 - , 

-CEt 2 C=C- # -CsCCMeEt-, -CMeEtC=C-, and the like. 
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[0016] 

In the formula (5), specific examples of the trivalent 
aryl group include a trivalent benzene ring, naphthalene ring, 
anthracene ring, phenanthrene ring, phenarene ring, fluorine 
5 ring, triphenylene ring, pyrene ring, perylene ring, pyridine 
ring, primidine ring, pridazine ring, pyrazine ring, furan 
ring, pyrrole ring, pyrazole ring, imidazole ring, thiopehene 
ring, benzothiadiazole ring, thieno [ 3 , 4-b] pyrazine ring, 
f uro[ 3, 4 -b] pyrazine ring or 6H-pyrrolo[3 , 4-b] ring. 
10 [0017] 

In the formula (1), R 1 preferably includes a hydrogen 
atom, a cyano group, a nitro group, a dimethylamino group, a 
diphenylamino group, a methoxy group, a propoxy group, a 
methyl group, a trif luoromethyl group, a group represented by 
15 the following formula (8) or a group represented by the 
following formula (9). 
[0018] 

[Chemical Formula 9] 

CH 3 

£i === CH3 

OH 

(8) 0) 

20 [0019] 

In the formula (8), E' includes a hydrogen atom, a 
trimethylsilyl group, a tri-i-propylsilyl group, a phenyl 
group, a pyridyl group, a thienyl group (provided that the 
phenyl group, pyridyl group or thienyl group may be optionally 
25 substituted with a cyano group, a nitro group, a dimethylamino 
group, a diphenylamino group, a methoxy group, an n-propoxy 
group, a methyl group or a trif luoromethyl group). 
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[0020] 

In the formulas (1), (4), and (5), it is preferred that 
R 2 to R 5 independently represent a hydrogen atom, or a methyl, 
ethyl or n-propyl group. 
5 In the formulas (1), (4) # and (5), R 6 preferably 

includes a hydrogen atom, a trimethylsilyl group, a 
tri-i-propylsilyl group, a phenyl group, a pyridyl group, a 
thienyl group (provided that the phenyl group, pyridyl group 
or thienyl group may be optionally substituted with a cyano 
10 group, a nitro group, a dimethylamino group, a diphenylamino 
group, a methoxy group, an n-propoxy group, a methyl group or 
a trif luoromethyl group), a group represented by the above 
formula (8) or a group represented by the formula (9), 

In the formula (4), R 9 preferably includes a single bond 
is or -O- . 

In the formula (5), it is preferred that R 10 and R 11 
independently represent a hydrogen atom, a methyl, ethyl, or 
n - propyl group . 
[0021] 

20 In the formula (1), it is preferred that A and D include 

a pyridine ring, a pyrimidine ring, a pyridazine ring, a 
pyrazine ring, a furan ring, a pyrrole ring, a pyrazole ring, 
an imidazole ring, a thiophene ring, a benzothiadiazole ring, 
a thieno[ 3 , 4-b] pyrazine ring, a f uro [ 3 , 4 -b ] pyrazine ring or a 

25 6H-pyrrolo[ 3 , 4-b] pyrazine ring (provided that these rings may 
be optionally substituted with a phenyl group, a halogen atom, 
a cyano group, a nitro group, a dimethylamino group, a 
diphenylamino group, an alkoxy group having 1 to 3 carbon 
atoms, an alkyl group having 1 to 10 carbon atoms or a 

30 halogenated alkyl group that has 1 to 10 carbon atoms and may 
be optionally substituted with a fluorine atom or a chlorine 
atom), and more preferably, a pyridine ring, a pyridazine ring, 
a thiophene ring, a benzothiadiazole ring or a 
thieno[ 3, 4-b] pyrazine ring (provided that these rings may be 

35 optionally substituted with a phenyl group, a cyano group, a 
methoxy group, an n-propoxy group, a methyl group or a 
trif luoromethyl group) . 
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[0022] 

In the formula (4), Z 1 , Y 1 , and Y 2 preferably include a 
benzene ring, a naphthalene ring, an anthracene ring, a 
pyridine ring, a pyridazine ring, a thiophene ring, a pyrrole 
5 ring, a benzothiadiazole ring or a thieno [ 3 , 4-b]pyrazine ring 
(provided that these rings may be optionally substituted with 
a phenyl group, a cyano group, a methoxy group, an n-propoxy 
group, a methyl group or a trif luoromethyl group). 

In the formula (5), Y 3 to Y 5 preferably include a 
10 phenylene ring, a naphthalene ring, an anthracene ring, a 

pyridine ring, a pyridazine ring, a thiophene ring, a pyrrole 
ring, a benzothiadiazole ring or a thieno[3, 4-b]pyrazine ring 
(provided that these rings may be optionally substituted with 
a phenyl group, a cyano group, a methoxy group, an n-propoxy 
15 group, a methyl group or a trif luoromethyl group). 

For Z 2 , a group represented by the following formula 
(10) or a group represented by the following group (11) is 
preferred. 
[0023] 

20 [Chemical Formula 10] 




(10) (ID 



[0024] 

In the formula (1), a 1# a 2 , and a 3 are independently 0 or 
1, and such a combination that a x is 1 and a 2 and a 3 are each 0 
25 and such a combination that a 1# a 2 , and a 3 are each 0 are 

preferred. n x and n 2 are independently an integer of 1 to 5, 
preferably an integer of 1 to 3 . 

In the formula (4), b x and b 2 are independently 0 or 1 
and c is an integer of 0 to 3, and it is preferred that b x and 
30 b 2 are each 1 and c is an integer of 0 or 1 . m x and m 2 are 
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independently an integer of 1 to 5, preferably an integer of 1 
to 3. 

In the formula (5), d x to d 3 are independently 0 or 1 and 
it is preferred that d x to d 3 are each 1 . k x to k 3 are 
5 independently an integer of 1 to 5, preferably an integer of 1 
to 3. 

It will be noted that in the above illustrations, n 
means normal, i means iso, s means secondary, and t means 
tertiary. 
10 [0025] 

The ji-con jugated aromatic ring-containing compound 
represented by the formulas (1), (4), and (5) can be obtained, 
for example, by the following processes 1 to 7 . 

It is to be noted that in the following processes, no 

15 limitation is placed on the type of reaction solvent provided 
that it is stable under reaction conditions and is so inert as 
not to impede the reaction. For instance, solvents are 
mentioned including water, alcohols (e.g. methanol, ethanol, 
propanol, butanol, octanol and the like), cellosolves (e.g. 

20 methoxyethanol, ethoxyethanol and the like), aprotic organic 
solvents (e.g. dimethylf ormamide , dimethylsulf oxide , 
dimethylacetamide , tetramethylurea , sulf oran , 
N-methylpyrrolidone , N , N-dymethylimidazolidinone , and the 
like), ethers (e.g. diethyl ether, diisopropyl ether, t-butyl 

25 methyl ether , tetrahydrof uran , dioxane , and the like ) , 

aliphatic hydrocarbons (e.g. pentane, hexane, c-hexane, octane, 
decane, decalin, petroleum ether and the like), aromatic 
hydrocarbons ( benzene , chlorobenzene , o- dichlorobenzene , 
nitrobenzene, toluene, xylene, mesitylene, tetralin and the 

30 like), halogenated hydrocarbons (e.g. chloroform, 

dichloromethane, dichloroethane , carbon tetrachloride and the 
like), ketones (acetone, methyl ethyl ketone, methyl butyl 
ketone, methyl isobutyl ketone and the like), lower aliphatic 
acid esters (e.g. methyl acetate, ethyl acetate, butyl acetate, 

35 methyl propionate and the like), alkoxyalkanes (e.g. 

dimethoxyethane, diethoxyethane and the like), nitriles (e.g. 
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acetonitrile, propionitrile , butyronitrile and the like), and 
the like. 

These solvents maybe appropriately selected while taking 
the ease in occurrence of reaction into account. In this case, 
5 the solvents may be used singly or in combination of two or 
more. In some cases, an appropriate type of dehydrator or 
drying agent may be used for use as a non-aqueous solvent. 
[0026] 

(1) Process 1 

10 As shown in the following scheme 1, the process 1 is one 

wherein aromatic ring-containing terminal acetylene (A) and a 
vinyl halide derivative (B) are subjected to Sonogashira 
reaction in the presence of a palladium catalyst to prepare 
intermediate (C), followed by further Sonogashira reaction 

15 with a halogenated heteroaromatic compound (D) . 
[0027] 

[Chemical Formula 11] 

Scheme 1 




(wherein R 1 to R 6 , A, D, a 2# and a 3 , respectively, have the same 
20 meanings as defined before, and X represents a chlorine atom, 
a bromine atom or an iodine atom) . 
[0028] 

For the palladium catalyst, those having a variety of 
structures may be used, of which so-called low-valence 
25 palladium complexes are preferably used and especially, 

zero-valence complexes having a tertiary phosphine or tertiary 
phosphite ligand are more preferred. Alternatively, an 
appropriate precursor that is readily converted into a 
zero -valence, complex in a reaction system may also be used. 



-18- 



Still alternatively, a complex containing neither a tertiary 
phosphine nor tertiary phosphite ligand and a tertiary 
phosphine or a tertiary phosphite may be mixed together to 
produce a low-valence complex having a tertiary phosphine or 
tertiary phosphite ligand, 
[0029] 

For the tertiary phosphine or tertiary phosphite used as 
a ligand, mention is made, for example, of triphenylphosphine , 
diphenylmethylphospine , 

phenyldimethylphosphine , 1 , 2 -bis ( diphenylphosphine ) ethane , 

1 . 3 - bis ( diphenylphosphino ) propane , 

1 . 4 - bis (diphenylphosphino) butane, 

1,1' -bis ( diphenylphosphino ) ferrocene , trimethylphosphite , 
triethylphosphite, triphenylphosphite and the like, and 
complexes containing a mixture of two or more of these ligands. 
[0030] 

The use, as a catalyst, of a tertiary phosphine-f ree or 
tertiary phosphite-free palladium complex and/or a tertiary 
phosphine-containing or tertiary phosphite-containing complex, 
and such a ligand as indicated above in combination is a 
preferred embodiment. 

The tertiary phosphine-f ree or tertiary phosphite- free 
palladium complex used in combination with the ligand includes 
bis (benzylidene acetone ) palladium, palladium acetate or the 
like. For a complex in which a tertiary phosphine or tertiary 
phosphite is already contained as a ligand, mention is made of 
dimethylbis ( triphenylphosphine ) palladium , 
dimethylbis ( diphenylmethylphospine ) palladium , 
( ethylene ) bis ( triphenylphosphine ) palladium , 

tetrakis( triphenylphosphine) palladium and the like although 

not limited thereto. 

[0031] 

The amount of the palladium catalyst may be a so-called 
catalytic amount. In general, 20 mole% or below relative to a 
substrate (B or D) is sufficient and 5 mole% or below is for 
usual use. 
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The reaction solvent is not limited in type so far as it 
does not take part in the reaction and such a solvent as 
indicated hereinbefore may be used. 

The reaction temperature may usually be from -100° C to a 
5 boiling point of a solvent used, preferably within a range of 
-50° C to 50° C. 

The reaction time may usually be from 0.1 to 1000 hours. 

After completion of the reaction, an intended product is 
extracted with an appropriate solvent, followed by 
10 concentration of a solvent under reduced pressure to obtain a 
crude product . 

Further, purification is carried out by a usual method 
such as distillation, recrystallization , silica gel column 
chromatography and the like, thereby isolating pure intended 
15 product ( 1 ) . 
[0032] 

(2) Process 2 

As shown in the following scheme 2, the process 2 is one 
wherein an aromatic ring-containing vinyl halide derivative 
20 (E) and an aromatic ring-containing terminal acetylene 

derivative (F) are subjected to Sonogashira reaction in the 

presence of a palladium catalyst. 

[0033] 

[Chemical Formula 12] 



Scheme 2 




(wherein R 1 to R 6 , A, D, a 2 , a 3 , and X, respectively, have the 
same meanings as defined before). 
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[0034] 

The intermediate (E) can be prepared according to the 
following procedure. 

More particularly, titanapentadiene intermediate (J), 
which is obtained by cross coupling reaction between an 
aromatic ring- containing terminal acetylene (A) and an 
internal acetylene (H) by means of a divalent titanium 
reaction agent Ti(0-i-Pr ) 4 /2i-PrMgCl , is treated with iodine 
or bromine to obtain intermediate (K) (Journal of Organic 
Chemistry (J. rg. Chem. ) (U.S.A. ) 1998, Vol. 63, p. 10060 and 
Journal of American Chemical Society (J. Am. Chem. Soc.) 
(U.S.A.) 1999, Vol. 121. p. 7342). 

Intermediate (L) obtained by dehalogenation reaction of 
the intermediate (K) is alkyl- substituted, followed by 
halogen-substitution of the silyl group to obtain intended 
intermediate (E) . 
[0035] 

[Chemical Formula 13] 




(wherein R 1 to R 3 , A, and X, respectively, have the same 

meanings as defined before). 

[0036] 

(3) Process 3 

As shown in the following scheme 3, the process 3 is one 
wherein aromatic ring- containing terminal acetylene (A) and 
aromatic ring-containing vinyl halide derivative (G) are 
subjected to Sonogashira reaction in the presence of a 
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palladium catalyst. The reaction can be carried out under 

similar conditions as in Process 1. 

[0037] 

[Chemical Formula 14] 



Scheme 3 
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(wherein R 1 to R 6 , A, D, a 2 to a 3 , n x and X, respectively, have 

the same meanings as defined before). 

[0038] 

( 4 ) Process 4 

As shown in the following scheme 4, the process 4 is one 
wherein aromatic ring-containing terminal acetylene (la: R 6 is 
a hydrogen atom) and a halogenated aromatic ring (X-R 12 ) are 
subjected to Sonogashira reaction in the presence of a 
palladium catalyst. The reaction can be carried out under 
similar conditions as in Process 1. 
[0039] 

[Chemical Formula 15] 



Scheme 4 
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(1) 



(wherein R 1 to R 5 # A, D # a x to a 3 , n 1# n 2 , and X, respectively, 
have the same meanings as defined before, and R 12 represents a 
phenyl group, a naphthyl group, a pyridyl group, a pyrimidinyl 
group, a pyridazinyl group, a pyrazinyl group, a furanyl group, 
a pyrollyl group, a pyrazolyl group, an imidazolyl group or a 
thienyl group (provided that the phenyl group, naphthyl group, 
pyridyl group, pyrimidinyl group, pyridazinyl group, pyrazinyl 
group, furanyl group, pyrollyl group, pyrazolyl group, 
imidazolyl group or thienyl group may be optionally 
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4 



substituted with a halogen atom, a cyano group, a nitro group, 
a dimethylamino group, a diphenylamino group, an alkoxy group 
having 1 to 3 carbon atoms, an alkyl group having 1 to 10 
carbon atoms, or a halogenated alkyl group that has 1 to 10 
5 carbon atoms and may be optionally substituted with a fluorine 
or chlorine atom) ) . 
[0040] 

(5) Process 5 

As shown in the following scheme 5, the process 5 is one 
10 wherein heteroaromatic ring-containing vinyl halide derivative 
(E) and heteroaromatic ring-containing bis terminal acetylene 
derivative (J) are subjected to Sonogashira reaction in the 
presence of a palladium catalyst. The reaction can be carried 
out under similar conditions as in Process 1. 
15 [0041] 

[ Chemical Formula 1 6 ] 

Scheme 5 

R 2 , v 

r6 - y1 ^M^ x + H; z1 - R T z1 ^ 

R 3 



(E) 




(4) 



(wherein R 2 , R 3 , R 6 , R 9 , Y 1 , Z 1 , c, and X, respectively, have the 
same meanings as defined before) . 
20 [0042] 

( 6 ) Process 6 

As shown in the following scheme 6, the process 6 is one 
wherein heteroaromatic ring- containing vinyl halide derivative 
(E) and heteroaromatic ring-containing tris terminal acetylene 
25 derivative (F) are subjected to Sonogashira reaction in the 

presence of a palladium catalyst. The reaction can be carried 
out under similar conditions as in Process 1. 
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[0043] 

[Chemical Formula 17] 



Scheme 6 




(wherein R 2 , R 3 , R 6 , Y 3 , Z 2 , and X # respectively, have the same 
5 meanings as defined before) . 
[0044] 

(7) Process 7 

As shown in the following scheme 7, the process 7 is one 
wherein heteroaromatic ring-containing vinyl halide derivative 
10 (E) and triphenyl( ethynylphenyl) amine derivative (L) are 
subjected to Sonogashira reaction in the presence of a 
palladium catalyst. The reaction can be carried out under 
similar conditions as in Process 1. 
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[0045] 

[Chemical Formula 18] 



Scheme 7 




(wherein R 2 , R 3 , R 6 , Y 3 , Z 2 , and X, respectively, have the same 
5 meanings as defined before, and N represents a nitrogen atom) . 
[0046] 

The organic electroluminescent device (hereinafter 
referred to as organic EL device) of the invention includes an 
anode and a cathode, and an organic thin film layer interposed 
10 their between, wherein the organic thin film layer contains 

such a rc-con jugated aromatic ring-containing compound. 

Materials other than the jt-con jugated aromatic ring-containing 
compound may be materials known for organic EL devices. 
[0047] 

15 Specific examples an device arrangement include a device 

wherein a pair of electrodes are disposed on opposite sides of 

an emission layer made of a jt-con jugated aromatic 
ring-containing compound, a device wherein a pair of 
electrodes are disposed on opposite sides of an emission layer 

20 made of a mixtures of a jt-con jugated aromatic ring-containing 
compound and a charge transport material (which is intended to 
generically mean an electron transport material and a hole 
transport material), and the like. In this case, the electron 
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transport material or hole transport material is not critical 
in type and may be used by appropriate selection of known ones. 
[0048] 

For the formation of the emission layer, various types 
5 of known emission materials other than the Jt-con jugated 

aromatic ring-containing compound may be appropriately mixed 
depending on the purpose. 

The devices may be provided with an electron transport 
layer containing an electron transporting material between the 
10 cathode and the emission layer, and also a hole transport 

layer containing a hole transport material between the anode 
and the emission layer. 

Further, the emission layer and the charge transport 
layer may be constituted of a single layer or a multilayer, 
15 respectively. 
[0049] 

The method of fabricating an organic EL device using a 
jt-con jugated aromatic ring-containing compound of the 
invention is not critical and includes, for example, the 

20 following methods . 

Initially, a transparent or semi-transparent electrode 
made of an anode material is formed on a transparent substrate 
such as of glass, a transparent plastic or the like. For the 
anode material, conductive metal oxide films, semi-transparent 

25 metal thin films and the like are used. More particularly, 

conductive glasses such as indium/ tin/oxide (ITO), tin oxide 
and the like, Au, Pt, Ag, Cu and the like are used. For the 
formation of the electrode, the mention is made of those 
methods of forming a thin film such as by a vacuum deposition 

30 method, a sputtering method, a plating method and the like. 
[0050] 

An emission layer containing, as a light -emitting 
material, a jr-con jugated aromatic ring-containing compound or 

both a jt-con jugated aromatic ring-containing compound and a 
35 charge transport material is formed on the resulting anode. 
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For the formation method, mention is made of a spin 
coating method, a casting method, a dipping method, a bar 
coating method, a roll coating method, a gravure coating 
method, a flexo printing method, a spray coating method and 
5 the like using a melt, solution or mixed solution of these 
materials . 

Where thin film formation is carried out according to a 
coating method such as a spin coating method, it is preferred 
to dry under heating conditions in a reduced or inert 
10 atmosphere so as to remove a solvent therefrom. 
[0051] 

It will be noted that in case where an emission layer 
and a charge transport layer are stacked, a hole transport 
layer and/or electron transport layer may be formed by a 

15 method wherein the hole transport layer is formed on the anode 
prior to formation of an emission layer by the above-mentioned 
method, or by a method wherein an electron transport layer is 
formed after formation of the emission layer . In this case , 
although the method of forming the charge transport layer is 

20 not critical, mention is made of a method of vacuum deposition 
from a powdery state, or a spin coating method, casting method, 
dipping method, bar coating method, roll coating method or the 
like using a charge transport material solution. 
[0052] 

25 Subsequently, a cathode by forming an electrode made of 

a cathode material is formed on the emission layer (or 
electron transport layer), i.e. on the substrate as with the 
case of the anode to obtain an organic EL device. In the case, 
a cathode material is not critical in type, and materials 

30 whose ionization energy is small are preferred. For instance, 
Al, In, Mg, Ca, Li, Mg-Ag alloy, In-Ag alloy, Mg-In alloy, 
Mg-Al alloy, Mg-Li alloy, Al-Li alloy, Al-Ca alloy, graphite 
thin films and the like are mentioned. For the stacking 
method of a cathode material on the substrate, mention is made 

35 of a vacuum deposition method, a sputtering method and the 
like. 
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EXAMPLES 

[0053] 

The invention is more particularly described by way of 
examples, which should not be construed as limiting the 
5 invention thereto. 

It will be noted that analyzing conditions used in the 
examples are as follows . 

Measuring conditions of *H NMR (300 MHz) and 13 C NMR (75 MHz) 
Apparatus: Varian Gemini-300 

10 Solvent for measurement : CDC1 3 

Standard substance: tetramethylsilane (TMS) 

(6 0.0 ppm for X H) 

CDC1 3 (5 77.0 ppm for 13 C) 
IR measuring apparatus: JASCO A-100 
15 UV/Vis measuring apparatus: HITACHI U-2000 

MALDI -TOF-MS measuring apparatus: SHIMADZU MALDI-TOFMS 

AXIMA-VFR 

Melting point measuring apparatus: Yanaco MP-J3 
Elementary analyzer: Elementar Vario-EL 

20 [0054] 

[1] Synthesis of ji-con jugated aromatic ring-containing 
compounds 

Example 1 

Synthesis of trans-silylated ( thiophene-endiyne ) compound 8 
25 (a) Synthesis of 4-thienyl-l , 4-diiodo-l , 3-diene compound 3 
[Chemical Formula 19] 



SiMe 3 



SiMe 3 



n-Pr 
1 



n-Pr 



.0 



S\(hPr) 3 
2 




Si(APr) 3 



(wherein Me represents a methyl group, n-Pr represents an 
n-propyl group and i-Pr represents an i-propyl group) . 
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[0055] 

Tetra-i-propoxytitanium (1.24 ml, 4.19 mmols) was added 
to an ether (40 ml) solution of 1-trimethylsiyl-l-pentyn 1 
(0.534 g # 3.81 mmols), followed by cooing to -78° C and gradual 
addition of i-propylmagneisum chloride (1.95M/ether solution, 
4.30 ml, 8.38 mmols). 

The temperature was raised to -50° C in 1 hour, at which 
agitation was carried out over 4 hours. 

An ether (5 ml) solution of a terminal acetylene 
compound 2 (0.896 g, 3.05 mmols) was added, followed by 
agitation at -50° C for 3 hours. 

Iodine (2.41 g, 9.53 mmols) was added, followed by 
agitation at -50° C for 30 minutes and further agitation at 
room temperature for 2 hours . 

Water was added to the resulting reaction solution at 
0° C and agitated for 30 minutes, followed by celite filtration. 
A saturated sodium thiosulfate aqueous solution was added to 
the resulting filtrate. After confirmation of excess iodine 
being not found, an aqueous phase after funnel separation was 
further extracted with hexane, and a combined organic phase 
was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was confirmed with NMR and used for subsequent reaction as it 
is. 

[0056] 

X H NMR (300 MHz , CDC1 3 ) 6 7.15 (d, J = 3.9 Hz, 1H) , 7.12 
(d, J = 3.9 Hz, 1H), 6.73 (s, 1H) , 2.56-2.46 (m, 2H) , 
1.65-1.50 (m, 2H), 1.20-1.05 (m, 21H) , 0.91 (t, J = 7.5 Hz, 
3H), 0.36 (s, 9H). 
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[0057] 

(b) Synthesis of cis- thienyliodo-enyne compound 4 
[Chemical Formula 20] 



SiMe 3 
^1 




SiMe 3 




Si(/-Pr) 3 



Si(APr) 3 



3 



4 



5 (wherein Me represents a methyl group, n-Pr represents an 
n-propyl group, and i-Pr represents an i-propyl group), 
[0058] 

A THF (6 ml) solution of the crude product of the thus 
obtained 4- thienyl- 1 , 4 -diiodo-1 , 3-diene compound 3 was cooled 
10 down to 0°C, to which pyrrolidine (1.27 ml, 15.3 mmols) was 

added and agitated for 12 hours, followed by addition of water 
to the reaction solution at 0° C for quenching. 

After funnel separation, the resulting aqueous phase was 
further extracted with hexane and a combined organic phase was 
15 washed with a saturated saline solution, followed by drying 
the organic phase over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was confirmed with NMR and used as it is for subsequent 
20 reaction. 
[0059] 



X H NMR (300 MHz, CDC1 3 ) 5 7.10 (d, J = 3.6 Hz, 1H), 7.08 
(d, J = 3.6 Hz, 1H), 2.44-2.32 (m, 2H) , 1.72-1.55 (m, 2H) , 
1.20-1.05 (m, 21H), 0.94 (t, J = 6.9 Hz, 3H) , 0.33 (s, 9H) . 
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[0060] 

(c) Synthesis of thienylsilylenyne compound 5 
[Chemical Formula 21] 



SiMe 3 




SiMe 3 



Si(APr) 3 



4 



5 (wherein Me represents a methyl group, n-Pr represents an 
n-propyl group, and i-Pr represents an i-propyl group). 
[0061] 

The thus obtained crude product of cis-thienyliodoeyne 
compound 4 was dissolved in ether (7 ml) and cooled down 
10 to -78°C. 

t-butyl lithium (1,50 M/pentane solution, 2.83 ml, 4.24 
mmols) was added, followed by agitation for 40 minutes as it 
is . 



15 agitated at room temperature overnight, after which water was 
added to the reaction solution at 0° C for quenching. 

The resulting product was extracted from an aqueous 
phase with ether and washed with a saturated saline solution, 
and the resulting organic phase was dried over anhydrous 

20 magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was confirmed with NMR and used as it is for subsequent 
reaction . 

25 [0062] 



X H NMR (300 MHz, CDC1 3 ) 8 7.06 (d, J = 3.9 Hz, 1H) , 6.96 

(d, J = 3.9 Hz, 1H), 2.38 (t, J = 7.5 Hz, 2H) , 2.25 (d, J - 

7.5 Hz, 2H), 1.70-1.50 (m, 4H) , 1.20-1.05 (m, 21H) , 0.97 (t, J 
= 7.5 Hz, 6H), 0.19 (s, 9H) . 



Iodopropane (0.640 ml, 6.06 mmols) was dropped and 
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[0063] 

(d) Synthesis of trans- thienyliodo-enyne compound 6 
[Chemical Formula 22] 




SiMe 3 




II 



Si(APr) 3 



Si(/-Pr) 3 



5 



6 



5 (wherein n-Pr represents an n-propyl group, and i-Pr 
represents an i-propyl group) . 
[0064] 

The thus obtained crude product of thienylsilylenyne 
compound 5 was dissolved in dichloromethane (10 ml), to which 

10 N-iodosuccinic imide (0.893 g, 4.04 mmols) was added and 

agitated at room temperature under light -shielded conditions 
for 2 hours, followed by addition of a saturated sodium 
thiosulf ate aqueous solution to the reaction solution at 0° C 
and quenching. The organic phase obtained by extracting the 

15 resulting reaction product with dichloromethane from an 

aqueous phase was washed with a saturated saline solution, 
followed by drying over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 

20 was purified by use of silica gel column chromatography 

(hexane) to obtain trans- thienyliodo-enyne compound 6 at a 

four-step ((a)-(d)) yield of 39% (0.616 g) . 

[0065] 



25 (d, J = 3.9 Hz, 1H) , 2.90 (t, J = 7.5 Hz, 2H) , 2.42 (t, J = 

7.5 Hz, 2H), 1.70-1.58 (m, 4H) , 1.19-1.06 (m, 21H) , 1.01 (t, J 
= 7.5 Hz, 3H), 0.98 (t, J = 7.2 Hz, 3H). 



*H NMR (300 MHz, CDC1 3 ) 5 7.08 (d, J = 3 . 9 Hz , 1H) , 7.01 
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13 C NMR (75 MHz, CDC1 3 ) 6 132.31, 131.00, 127.71, 125.06, 
124.43, 118.17, 98.81, 97.08, 90.73, 86.74, 45.75, 43.16, 
22.59, 21.17, 18.52, 13.43, 12.70, 11.17. 

IR (neat) 2959, 2866, 2142, 1462, 883, 736, 675 cm' 1 . 

Anal. Calculated for C 25 H 37 ISSi: C, 57.24; H, 7.11. 
Found: C, 57.40; H, 7.46. 
[0066] 

(e) Synthesis of trans -silylated ( thiophene-endiyne) compound 8 
[Chemical Formula 23] 



(/-Pr) 3 Si 




(wherein n-Pr represents an n- propyl group, and i-Pr 

represents an i-propyl group) . 

[0067] 

The thus obtained trans -thienyliodo-enyne compound 6 
(0.943 g, 1.80 mmols) was dissolved in degassed THF (5 ml), to 
which tetrakistriphenylphosphine palladium (52.0 mg, 0.450 
mmols), cuprous iodide (17.1 mg, 0.0900 mmols) and 
diethylamine (3.7 ml) were added, followed by dropping a 
degassed THF (10 ml) solution of thiophene acetylene compound 
7 (0.285 g, 1.50 mmols). 

The reaction solution was agitated at room temperature 
for six hours, to which water was added to the reaction 
solution for quenching. 

The organic phase obtained by extracting the reaction 
product from the aqueous phase with ether was washed with a 
saturated saline solution, followed by drying over anhydrous 
magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was purified with silyl column chromatography (hexane) to 
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obtain trans-silylated ( thiophene-endiyne) compound 8 at 89% 

(0.784 g) . 

[0068] 

*H NMR (300 MHz , CDC1 3 ) 6 7.09 (d, J = 3.9 Hz, 1H), 
5 7.06-6.95 (m. 3H) , 2.50 (t, J = 7.5 Hz, 4H) , 2.16 (br.s. 1H) , 
1.72-1.56 (m, 4H), 1.61 (s, 6H) . 1.23-1.05 (m. 21H) . 0.98 (t, 
J = 7.2 Hz, 6H) . 

13 C NMR (75 MHz. CDC1 3 ) 6 132.39. 131.11. 131.29, 131.21. 
129.92. 129.78, 125.19, 124.74, 124.53. 124.25. 98.80, 98.67, 
10 97.31, 94.08. 93.90, 91.84. 91.68, 75.13, 65.72, 36.83 (x2), 
31.15, 21.75 (X2), 18.50, 13.52 (x2), 11.14. 

IR (neat) 3373. 2957. 2866. 2141, 1461. 1164. 884. 802. 
752, 674 cm" 1 . 

UV/Vis (CHC1 3 ): Tsnax U) [nm] = 385 (23 400). 
15 MALDI-TOF-MS (DHB) : 586.3 (calculated for C 36 H 46 OS 2 Si : 

586.3) . 

Anal. Calculated for C 36 H 46 OS 2 Si: C, 73.66; H, 7.90. 
Found: C, 73.48; H, 7.83. 
[0069] 
20 Example 2 

Synthesis of trans- ( thiophene-endiyne ) compound 9 
[Chemical Formula 24] 



<APr) 3 Si 




9 



(wherein n-Pr represents an n-propyl group, and i-Pr 
25 represents an i-propyl group) . 
[0070] 

The trans-silylated (thiophene-endiyne) compound 8 
(0.729 g, 1.24 mmols) obtained in Example 1 was dissolved in 
THF (4 ml), to which tetrabutylammonium fluoride (1.0 M/THF 
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solution, 1.87 ml, 1.87 mmols) was added at 0°C, followed by 
agitation for 3 minutes. 

The reaction solution was diluted with ether and water 
and, after funnel separation, the resulting aqueous solution 
was extracted with ether. A combined organic phase was dried 
over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was confirmed with NMR and used as it is for subsequent 
reaction . 
[0071] 
Example 3 

Synthesis of trans-silylated ( thiophene-endiyne ) dimer 
compound 10 

[Chemical Formula 25] 




10 

(wherein n-Pr represents an n-propyl group, and i-Pr 

represents an i-propyl group). 

[0072] 

The trans -thienyliodo-enyne compound 6 (0.780 g, 1.49 
mmols) obtained in Example l-(d) was dissolved in degassed THF 
(4 ml), to which tetrakistriphenylphosphine palladium (43.0 mg, 
0.0372 mmols), cuprous iodide (14.0 mg, 0.0740 mmols) and 
diethylamine (3.1 ml) were added at room temperature, in which 
a degassed THF (8 ml) solution of the crude product of the 
trans (thiophene-endiyne) compound 9 obtained in Example 2 was 
dropped . 

The reaction solution was agitated as it is at room 
temperature for 6 hours, after which water was added to the 
reaction solution for quenching. 
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After extraction with ether from an aqueous phase and 
washing with a saturated saline solution, the resulting 
organic phase was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
5 concentrating the resulting filtrate under reduced pressure 
was purified with silyl chromatography (hexane) to obtain 
trans -silylated ( thiophene-endiyne) dimer compound 10 at a 
two-step yield of 69%. 
[0073] 

10 m.p. = 73-77°C. 

X H NMR (300 MHz, CDC1 3 ) 5 7.13-6.95 (m, 6H) , 2.51 (t, J = 
7.5 Hz, 8H), 2.26 (br.s, 1H) , 1.75-1.53 (m, 8H) , 1.61 (s, 6H) , 
1.18-1.05 (m, 21H), 1.00 (t, J = 7.2 Hz, 12H) . 

13 C NMR (75 MHz, CDC1 3 ) 5 132.39, 132.08, 131.63 (x2), 
15 131.29, 131.19, 129.88 (x2), 129.81, 129.80, 125.19, 125.07 
125.03, 124.69, 124.53, 124.30, 98.80, 98.73, 97.30, 94.63, 
94.59, 94.08, 93.94, 91.91, 91.90, 91.87, 91.76, 75.09, 65.67, 
36.81 (x4), 31.12, 21.75 (x4), 18.48, 13.50 (x4), 11.13. 
IR (KBr) 3397, 2959, 2866, 1460, 801, 752 cm 1 . 
20 UV/Vis ( CHC1 3 ) : (e) [nm] = 407 (52 000). 

MALD I - TOF - MS (DHB): 826.4 (calculated for C 52 H 62 OS 3 Si: 
826.4) . 

Anal. Calculated for C 52 H 62 OS 3 Si: C, 75.49; H, 7.55. 
Found: C, 75.07; H, 7.19. 
25 [0074] 

Example 4 

Synthesis of trans- (thiophene-endiyne) dimer compound 11 
[Chemical Formula 26] 
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(wherein n-Pr represents an n-propyl group, and i-Pr 

represents an i-propyl group) . 

[0075] 

Using the trans- silylated ( thiophene-endiyne ) dimer 
5 compound 10 obtained in Example 3, trans- (thiophene-endiyne) 
dimer compound 11 was obtained in the same manner as in 
Example 2. The resulting crude product was confirmed with NMR 
and used as it is for subsequent reaction. 
[0076] 
10 Example 5 

Synthesis of trans -silylated (thiophene-endiyne) trimer 
compound 12 

[Chemical Formula 27] 



(/-Pr) 3 Si 




12 

15 (wherein n-Pr represents an n-propyl group, and i-Pr 
represents an i-propyl group). 
[0077] 

Using the trans- ( thiophene-endiyne ) dimer compound 11 
obtained in Example 4, trans-silylated (thiophene-endiyne) 
20 trimer compound 12 was obtained at a two-step yield of 63% in 
the same manner as in Example 3 . 
[0078] 

*H NMR (300 MHz , CDC1 3 ) 6 7.13-6.95 (m, 8H) , 2.58-2.44 (m, 
12H), 2.15 (br.s, 1H) , 1.75-1.54 (m, 12H) , 1.62(s, 6H) , 
25 1.17-1.06 (m # 21H), 1.03-0.95 (m, 18H) . 

13 C NMR: 5 132.40, 132.11, 131.67 (x4), 131.32, 131.21, 
129.88 (x3), 129.85 (x2), 129.81, 125.19, 125.09 (x2), 125.06 
(x2), 124.71, 124.53, 124.29, 98.80, 98.71, 97.32, 94.65 (x3), 
94.09, 93.97, 93.94, 91.97, 91.95, 91.92 (x2), 91.90, 91.77, 
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75.10, 65.71, 36.83 (x6), 31.15, 21.77 (x6), 18.50, 13.53 (x6), 
11.14. 

IR (neat) 3375, 2959, 2866, 1461, 1378, 1199, 1162, 800, 
751 cm" 1 . 

UV/Vis (CHC1 3 ) : >w (e) [nm] = 427 (58 200). 
MALDI -TOF-MS (DHB): 1066.2 (calculated for C 68 H 78 OS 4 Si: 
1066 .5) . 

Anal. Calculated for C 68 H 78 OS 4 Si: C, 76.49; H, 7.36. 
Found: C, 76.55; H, 7.53. 
[0079] 
Example 6 

Synthesis of trans -silylated ( pyridine -endiyne) compound 19 
(a) Synthesis of 4-pyridyl- 1 , 4 -diiodo- 1 , 3-diene compound 14 
[Chemical Formula 28] 



(wherein Me represents a methyl group, n-Pr represents an 
n-propyl group, and i-Pr represents an i-propyl group). 
[0080] 

tetra-i-propoxy titanium (7.40 ml, 25.1 mmols) was added 
to an ether (250 ml) solution of 1-triemthylsilyl-l-pentyne 1 
(2.94 g, 20.9 mmols) and subsequently cooled down to -78° C, 
followed by gradual addition of i-propylmagnesium chloride 
(2.10 M/ether solution, 24.0 ml, 50.2 mmols). 

The temperature was raised to -50° C in 1 hour, at which 
agitation was continued for 4 hours. 

An ether (20 ml) solution of terminal acetylene compound 
13 (5.34 g, 18.9 mmols) was added, followed by agitation 
at -50° C for 3 hours. 




SiMe 3 



13 



Si(fPr) 3 
14 
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Iodine (13.3 g, 52.3 mmols) was added, followed by 
agitation at -50° C for 30 minutes and further agitation at 
room temperature for 2 hours. 

Water was added to the resulting reaction solution at 
5 0° C and agitated for 30 minutes, followed by celite filtration. 
A saturated sodium thiosulfate aqueous solution was added to 
the filtrate and after confirmation of the absence of excess 
iodine, an aqueous phase after funnel separation was extracted 
with hexane and a combined organic phase was dried over 
10 anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was confirmed with NMR and used as it is for subsequent 
reaction . 
15 [0081] 

X H NMR (300 MHz, CDC1 3 ) 5 8.77 (d, J = 2.1 Hz, 1H) , 7.79 
(dd, J = 2.1, 8.1 Hz, 1H), 7.42 (d, J = 8.1 Hz, 1H) , 6.68 (s, 
1H), 2.60-2.48 (m, 2H) , 1.60-1.45 (m, 2H), 1.20-1.10 (m, 21H) , 
0.94 (t, J = 6.9 Hz, 3H), 0.36 (s, 9H) . 
20 [0082] 

(b) Synthesis of cis-pyridyliodo-enyne compound 15 
[Chemical Formula 29] 



(wherein Me represents a methyl group, n-Pr represents an 
25 n-propyl group, and i-Pr represents an i-propyl group). 
[0083] 

The THF (38 ml) solution of the crude product of 
4-pyridyl-l , 4-diiodo-l , 3-diene compound 14 obtained above was 




SiMe 3 



n-Pr 



Si(APr) 3 
14 



Si(APr) 3 
15 
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cooled down to 0°C, to which pyrrolidine (7.90 ml, 94.5 mmols) 
was added, followed by agitation for 3 hours. Water was added 
to the reaction solution for quenching. 

After funnel separation, an aqueous phase was extracted 
5 with hexane, and a combined organic phase was washed with a 
saturated saline solution, after which the organic phase was 
dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
10 was confirmed with NMR and used as it is for subsequent 
reaction . 
[0084] 

X H NMR (300 MHz, CDC1 3 ) 6 8.69 (dd, J = 0.9, 2 . 1 Hz , 1H) , 
7.73 (dd, J = 2.1, 8.1 Hz, 1H) , 7.41 (dd, J = 0.9, 8.1 Hz, 1H) , 
15 2.44-2.36 (m, 2H) , 1.75-1.60 (m, 2H) , 1.20-1.10 (m, 21H) , 0.96 
(t, J = 7.2 Hz, 3H), 0.34 (s, 9H) . 
[0085] 

(c) Synthesis of pyridylsilyl-enyne compound 16 
[Chemical Formula 30] 



SiMe 3 




SiMe 3 



20 



Si(/-Pr) 3 
15 



Si(/-Pr) 3 
16 



(wherein Me represents a methyl group, n-Pr represents an 
n-propyl group, i-Pr represents an i-propyl group and n-Bu 
represents an n-butyl group). 
[0086] 



25 



n-Butyl lithium (1.58 M/hexane, 38.9 ml, 61.5 mmols) was 
dropped in a THF (150 ml) solution of thiophenol (6.30 ml, 
61.5 mmols) at 0°C, followed by agitation for 30 minutes to 
prepare lithium thiophenolate . 
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Separately, a THF (150 ml) suspension of cuprous iodide 
(11.7 g, 61.5 mmols) was cooled to 0°C, to which the THF 
solution of the prepared lithium thiophenolate was added. The 
reaction solution was agitated at 0° C until the solution 
5 turned yellow and transparent. After cooling the reaction 
solution to -78° C, n-butyl lithium (1.58 M/hexane solution, 
36.7 ml, 58.0 mmols) was added and agitated for 10 minutes. A 
THF (20 ml) solution of the crude product of 

cis-pyridyliodo-enyne compound 15 obtained above as added to 
10 the reaction solution at -78° C, followed by agitation at the 

temperature for 1 hour as it is. Moreover, the temperature 

was raised to 0° C and agitation was continued overnight, 

followed by addition of a saturated sodium hydrogencarbonate 

aqueous solution for quenching, 
is After funnel separation, an aqueous phase was extracted 

with ether, and a combined organic phase was washed with a 

saturated saline solution, after which the organic phase was 

dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
20 concentrating the resulting filtrate under reduced pressure 

was confirmed with NMR and used as it is for subsequent 

reaction. 

[0087] 

'H NMR (300 MHz, CDC1 3 ) 6 8.60-8.58 (m, 1H) , 7.61 (dd, J 
25 = 2.1, 8.1 Hz, 1H), 7.39 (dd, J = 0.9, 8.1 Hz, 1H) , 2.46-2.40 
(m, 2H), 2.31-2.24 (m, 2H) , 1.75-1.55 (m, 4H) , 1.40-1.30 (m, 
2H), 1.20-1.10 (m, 21H), 0.97 (t, J = 7.2 Hz, 3H) , 0.94 (t, J 
= 7.5 Hz, 3H) , 0.19 (s, 9H) . 
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[0088] 

(d) Synthesis of trans-pyridyliodo-enyne compound 17 
[Chemical Formula 31] 




SiMe 3 




77-Bu 



Vt-Bu 





Si(/-Pr) 3 
1§ 



Si(/-Pr) 3 
17 



5 (wherein n-Pr represents an n-propyl group, i-Pr represents an 
i-propyl group and n-Bu represents an n-butyl group). 
[0089] 

The thus obtained crude product of pyridylsilylenyne 
compound 16 was dissolved in dichloromethane (37 ml) , to which 
10 N-iodosuccinic imide (3.25 g # 14.7 mmols) was added and 

agitated at room temperature under light -shielded conditions. 

After confirmation (about five days) of the 
disappearance of the pyridylsilylenyne compound 16 with TLC, a 
saturated sodium thiosulfate aqueous solution was added to the 
15 reaction solution at 0° C for quenching. 

After extraction from an aqueous phase with 
dichloromethane and washing with a saturated saline solution, 
the organic phase was dried over anhydrous magnesium sulfate. 



20 concentrating the resulting filtrate under reduced pressure 
was purified by use of silica gel column chromatography 
(hexane/ether = 30/1) to obtain trans -pyridyliodo-enyne 
compound 17 at a four-step yield of 32% (3.25 g) . 
[0090] 

25 X H NMR (300 MHz, CDC1 3 ) 6 8.57 (d, J = 2 . 1 Hz , 1H) , 7.61 

(dd, J = 2.1, 7.8 Hz, 1H) , 7.38 (d, J = 7.8 Hz, 1H) , 2.91 (t, 
J = 7.2 Hz, 2H), 2.38 (t, J = 6.9 Hz, 2H) , 1.66-1.50 (m, 4H) , 



After filtration, the crude product obtained by 
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1.40-1,28 (m, 2H), 1.20-1.10 (m, 21H), 0.97 (t , J = 7.2 Hz, 
3H), 0.92 (t, J = 6.9 Hz, 3H) . 

13 C NMR (75 MHz, CDC1 3 ) 5 151.84, 141.63, 137.72, 127.08, 
126.89, 119.50, 119.36, 105.53, 93.74, 90.92, 90.35, 43.63, 
5 43.18, 31.36, 21.36, 21.18, 18.56, 13.94, 13.48, 11.12. 

IR (neat) 2957, 2866, 2200, 2160, 1583, 1540, 1465, 1365, 
1249, 1017, 995, 882, 837, 676 cm 1 . 

Anal. Calculated for C 27 H 40 INSi: C, 60.77; H, 7.56. 
Found: C, 60.69; H, 7.73. 
10 [0091] 

(e) Synthesis of trans -silylated ( pyridine -endiyne) compound 
19 

[Chemical Formula 32] 



15 (wherein n-Pr represents an n-propyl group, i-Pr represents an 
i-propyl group and n-Bu represents an n-butyl group). 



The thus obtained trans -pyridyliodo-enyne compound 17 
(0.1635 g, 0.311 mmols) was dissolved in a degassed THF (1 ml), 

20 to which tetrakistriphenylphosphine palladium (18.0 mg, 0.0160 
mmols), cuprous iodide (6.00 mg, 0.0320 mmols) and 
diethylamine (0.162 ml, 5.28 mmols) were added at room 
temperature, followed by dropping a degassed THF (2 ml) 
solution of pyridyl acetylene compound 18 (52.0 mg, 0.280 

25 mmols ) . 

The reaction solution was agitated at room temperature 
for 3 hours as it is, to which water was added to the reaction 
solution for quenching. 




1Z 




19 



[0092] 
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After extraction with ether from an aqueous solution and 
washing with a saturated saline solution, the organic phase 
was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
5 concentrating the resulting filtrate under reduced pressure 
was purified withsilyl /column chromatography (hexane/ether = 
3/1) to obtain trans -'silylated ( pyridine - endiyne ) compound 19 
at 67% (0.110 g) . 
[0093] 

10 m.p. 76-83°C. 

*H NMR (300 MHz, CDC1 3 ) 6 8.65-8.61 (m. 2H) . 7.66 (dd, J 
= 2.1, 8.1 Hz. 1H), 7.64 (dd. J = 2.1. 8.1 Hz, 1H) , 7.42 (d, J 
= 8.1 Hz, 1H), 7.37 (d. J = 8.1 Hz, 1H) , 2.69 (br.s. 1H) , 2.59 
(t, J = 7.5 Hz, 4H), 1.76-1.60 (m, 4H) , 1.63 (s, 6H) , 

15 1.44-1.32 (m. 2H). 1.20-1.10 (m, 21H) , 0.99 (t, J = 8.0 Hz, 
3H), 0.94 (t. J = 7.5 Hz, 3H) . 

13 C NMR (75 MHz, CDC1 3 ) 6 152.64, 152.15, 142.10, 141.94. 
138.65, 138.03, 131.27, 130.60, 127.11, 126.54, 119.65. 118.96, 
105.65, 99.23, 97.88. 95.81. 94.14, 93.76. 90.68. 78.73, 65.47, 

20 36.89, 34.73, 31.23. 30.59. 22.08, 21.70. 18.52, 13.80, 13.47, 
11.10. 

IR (KBr) 3375. 2928. 2866, 2153. 1909, 1658, 1505, 1462, 
1378, 1164, 883, 836 cm 1 . 

UV/Vis (CHC1 3 ) : X Bbs (8) [nm] = 312 (21 400), 337 (38 300), 
25 359 (53 100), 386 (34 400). 

MALDI-TOF-MS (DHB): 590.4 (calculated for: 590.4). 
Anal. Calculated for: C, 79.27; H, 8.53; N. 4.74. Found: 
C, 79.08; H, 8.45; N, 4.61. 
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[0094] 
Example 7 

Synthesis of trans- (pyridine -endiyne) compound 20 
[Chemical Formula 33] 



N— ^ OH 

(wherein n-Pr represents an n-propyl group, i-Pr represents an 

i-propyl group and n-Bu represents an n-butyl group) . 

[0095] 

The trans -silylated ( pyridine -endiyne) compound 19 (61.5 
mg, 0.104 mmols ) obtained in Example 6 was dissolved in THF (6 
ml) , to which tetrabutylammonium fluoride (1.0 M/THF solution, 
0.156 ml, 0.156 mmols) was added at 0°C, followed by agitation 
for 30 minutes. 

The reaction solution was diluted with ether and water 
and, after funnel separation, the aqueous phase was further 
extracted with ether. A combined organic phase was dried over 
anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was confirmed with NMR and used as it is for subsequent 
reaction. 



<APr) 3 Si 




n-Bu 
20 



[0096] 
Example 8 

Synthesis of trans -silylated ( pyridine -endiyne) dimer 
compound 21 
5 [Chemical Formula 34] 



(/-Pr) 3 Si 




21 

(wherein n-Pr represents an n-propyl group, i-Pr represents an 

i-propyl group and n-Bu represents an n-butyl group) . 

[0097] 

io The trans -pyridyiodo-enyne compound 17 (84.0 mg, 0.156 

mmols) obtained in Example 6-(d) was dissolved in degassed THF 
(0.5 ml), to which tetrakistriphenylphosphine palladium (6.07 
mg, 0.00525 mmols), cuprous iodide (2.00 mg, 0.0105 mmols) and 
diethylamine (0.05 ml) were added at room temperature, 

15 followed by dropping a THF (1.5 ml) solution of the crude 

product of trans- (pyridine -endiyne) compound 20 obtained in 
Example 7 . 

The reaction solution was agitated as it is at room 
temperature overnight, to which water was added at 0° C for 
20 quenching. 

After extraction from an aqueous phase with chloroform 
and washing with a saturated saline solution, the organic 
phase was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
25 concentrating th,e^Tfesulting filtrate under reduced pressure 
was purified b^ silylj column chromatography (hexane/ether = 
2/1) to obtain tran's /silylated (pyridine -endiyne) dimer 
compound 21 at a two-step yield of 75% (65.6 mg) . 
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[0098] 



m.p. 120-123°C. 
*H NMR (300 MHz, CDCI3) 6 8.65-8.61 (m, 3H) , 7.72-7.63 (m, 
3H), 7.44-7.35 (m, 3H) , 2.60 (t, J = 7.2 Hz, 8H) , 2.33 (br.s, 
5 1H). 1.76-1.57 (m, 8H) . 1.64 (s, 6H) , 1.48-1.34 (m, 4H) . 

I. 20-1.10 (m. 21H). 1.00 ( t . J = 7.5 Hz, 6H) , 0.95 (t, J = 7.8 
Hz, 6H). 

13 C NMR (75 MHz, CDC1 3 ) 6 152.65. 152.37. 152.15, 142.09, 
142.08, 141.95. 138.63, 138.09, 138.01, 131.29, 131.24, 130.65. 
10 130.63, 127.09, 126.62, 126.51, 119.64, 119.46, 118.96. 105.68. 
99.21, 98.16, 97.97, 95.90, 95.87, 94.10, 93.92, 93.79, 90.88, 
90.61, 78.70. 65.44, 36.92, 36.89. 34.74. 34.71, 31.24, 30.61 
(x2), 22^08 (x2), 21.70 (x2), 18.51, 13.81 (x2), 13.47 (x2), 

II. 10. 

15 IR (KBr) 3427, 2925, 2862. 2198, 1654. 1540, 1465, 1365, 

1255. 1018, 836, 676 cm 1 . 

UV/Vis (CHC1 3 ): X abs (e) [nm] = 336 (49 800), 354 (70 500), 
385 (94 200), 415 (55 700). 



20 CjvH^NaOiSitSSg.S) . 

Anal. Calculated for C s7 H 69 N 3 OSi: C. 81.48; H, 8.28. 
Found: C, 81.37; H, 8.42. 
[0099] 
Example 9 

25 Synthesis of trans- (pyridine -endiyne) dimer compound 22 
[Chemical Formula 35] 



(wherein n-Pr represents an n-propyl group, i-Pr represents an 
i-propyl group, and n-Bu represents an n-butyl group). 



MALDI -TOF-MS (DHB) : 839.6 (calculated for 




21 




22 
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I* 



[0100] 



Using the trans -silylated ( pyridine -endiyne ) dimer 
compound 21 obtained in Example 8, a trans- (pyridine -endiyne) 
dimer compound 22 was obtained in the same manner as in 
5 Example 7. The crude product is confirmed with NMR and used 
as it is for subsequent reaction. 
[0101] 
Example 10 

Synthesis of trans -silylated (pyridine -endiyne) trimer 
10 compound 23 



(wherein n-Pr represents an n-propyl group, i-Pr represents an 
i-propyl group, and n-Bu represents an n-butyl group). 
15 [0102] 

Using the trans- (pyridine -endiyne) dimer compound 22 
obtained in Example 9, a trans -silylated (pyridine -endiyne) 
trimer compound 23 was obtained at a two-step yield of 69% in 
the same manner as in Example 8 . 
20 [0103] 

m.p. = 173-175°C. 
X H NMR (300 MHz, CDC1 3 ) 5 8.66-8.61 (m, 4H) , 7.70-7.65 (m, 
4H), 7.44-7.37 (m, 4H) , 2.64-2.57 (m, 12H), 2.13 (br.s, 1H) , 
1.76-1.58 (m, 12H), 1.64 (s, 6H) , 1.48-1.36 (m, 6H) , 1.20-1.10 
25 (m, 21H), 1.03-0.92 (m, 18H) . 

13 C NMR (75 MHz, CDC1 3 ) 5 152.48, 152.22 (x2), 151.99, 
141.91, 141.89, 141.88, 141.79, 138.53, 137.99 (x2), 137.91, 
131.18 (x2), 131.12, 130.56, 130.53, 130.51, 127.00, 126.54 
(X2), 126.43, 119.53, 119.36, 119.35, 118.91, 105.56, 99.33, 



[Chemical Formula 36] 



(APr) 3 Si-= 




IZ 22 
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98.14. 98.07, 97.87. 95.90. 95.83. 95.80. 94.04. 93.88 (x2). 
93.72. 90.83 (x2). 90.58. 78.58, 65.35, 36.96 (x2). 36.92. 
34.78 (x3), 31.30, 30.66 (x3). 22.17 (x3). 21.79 (x3). 18.60. 
13.93 (x3). 13.58 (x3), 11.18. 

IR (KBr) 3428. 2925. 2861. 2199, 1465. 1366. 1260. 1099, 
1019, 835, 670 cm' 1 . 

UV/Vis (CHC1 3 ): X abs (e) tnm] = 335 (74 300), 373 (141 
000), 394 (158 000). 415 (122 000). 

MALDI-TOF-MS (DHB) : 1089.7 (calculated for 
C 7S H 88 N 4 OSl: 1088. 7) . 

Anal. Calculated for C 75 H 88 N 4 OSi : C, 82.67; H, 8.14. 
Found: C, 82.86; H, 8.06. 
[0104] 
Example 11 

Synthesis of cyanothienyK thiophene-endiyne) compound 25 
[Chemical Formula 37] 




25 

(wherein n-Pr represents an n-propyl group). 
[0105] 

Using bromocyanothiophene 24, a cyanothienyl ( thiophene- 
endiyne) compound 25 was obtained at a two-step yield of 57% 
in the same manner as in Example 3 . 

J H NMR (300 MHz, CDC1 3 ) 6 7.52 (d, J = 3.9 Hz. 1H) . 7.221 
(d, J = 3.9 Hz. 1H). 7.216 (d. J = 3.9 Hz. 1H) . 7.09 (d. J = 
3.9 Hz. 1H). 7.05 (d. J = 3.9 Hz. 1H) , 7.03 (d, J = 3.9 Hz. 
1H). 2.51 (d. J = 7.2 Hz, 4H), 1.71-1.51 (m. 4H) . 0.99 (t, J = 
7.2 Hz, 6H) . 

UV/Vis (CHCI3) : [nm] = 372. 

^en, [nm] = 475. 
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[0106] 
Example 12 

Synthesis of bis[silylated(thienyl-endiyne) benzothiadiazole] 
compound 30 

(a) Synthesis of disilylated thienylendiyne compound 27 
[Chemical Formula 38] 

n-Pr 

(/-Pr) 3 Si 



SiMe 3 

n-Pr 



26 

(/-Pr) 3 Si = C3— = ^ Pr _ 



n-rr 



s ^^=^ SIMe 



n-Pr 
27 

(wherein Me represents a methyl group, n-Pr represents an 
n-ropyl group, and i-Pr represents an i-propyl group) . 
10 [0107] 

Using an ethynyltrimethylsilane 26, a disilylated 
thienylendiyne compound 27 was obtained at a yield of 95% in 
the same manner as in Example 5. 

X H NMR (300 MHz, CDC1 3 ) 5 7 . 07 (d, J = 3.9 Hz, 1H) , 6.99 
15 (d, J - 3.9 Hz, 1H) , 2.46 (t, J = 7.4 Hz, 2H) , 2.40 (t, J = 

7.5 Hz, 2H), 1.63-1.55 (m, 4H) , 1.18-1.02 (m, 21H) , 0.93 (t, J 

= 6.9 Hz, 6H) , 0.20 (s, 9H) . 

[0108] 

(b) Synthesis of silylated thienylendiyne compound 28 
20 [Chemical Formula 39] 



(APr) 3 Si ^ 



J = SiMe 3 S 
n-Pr n-Pr 



27 28 



(wherein Me represents a methyl group, n-Pr represents an 
n- propyl group, and i-Pr represents an i-propyl group). 
[0109] 

25 The thus obtained disilylated thienylendiyne compound 2 7 

(0.934 mg, 1.89 mmols ) was dissolved in methanol/THF/water 



-50- 



• 4. 



(3.8 ml/1.9 ml/3 droplets), to which potassium carbonate (523 
mg, 3.78 mmols ) was added, followed by agitation at room 
temperature for 1 hour. 

After confirmation of disappearance of the starting 
5 disilylated thienylendiyne compound 27 with TLC, ether and 

hexane were added to the reaction solution for extraction, and 
the resulting organic phase was dried over anhydrous magnesium 
sulfate . 

After filtration, the crude product obtained by 
10 concentrating the filtrate under reduced pressure was 

confirmed with NMR and used as it is for subsequent reaction. 
[0110] 

X H NMR (300 MHz, CDC1 3 ) 8 7 . 08 (d, J = 3.9 Hz, 1H) , 7.00 
(d, J = 3.9 Hz, 1H), 3.46 (s, 1H) , 2.48 (t, J = 7.5 Hz, 2H) , 
15 2.43 (t, J = 7.8 Hz, 2H), 1.66-1.52 (m, 4H) , 1.17-1.03 (m, 
21H), 0.96 (t, J = 7.2 Hz, 6H) . 
[0111] 

(c) Synthesis of bis[silylated(thienyl-endiyne)benzohiadiazole] 
compound 30 
20 [Chemical Formula 40] 



</-Pr) 3 Si 




Si(APr) 3 



30 



(wherein n-Pr represents an n-propyl group, and i-Pr 

represents an i-propyl group) . 

[0112] 

25 Dibromothiadiazole 29 (118 mg, 0.401 mmols) were 

dissolved in degassed chloroform (1 ml), to which 
tetrakistriphenylphosphine palladium (116 mg, 0.100 mmol), 
cuprous iodide (38.2 g, 0.201 mmols) and diisopropylamine (1.3 
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41 



ml) were added at room temperature, followed by dropping of a 
degassed chloroform (4 ml) solution of the silylated 
thienyl-endyne compound 28 (372 mg, 0.882 mmols) obtained 
above . 

5 The reaction solution was agitated under reflux while 

heating for 24 hours, and was quenched by addition of water 
thereto at room temperature. 

After extraction from the aqueous phase with chloroform 
and washing with a saturated saline solution, the resulting 
10 organic phase was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentration of the filtrate under reduced pressure was 
purified with silica gel column chromatography (hexane/ethyl 
acetate = 20/1) to obtain bis [ silylated ( thienyl-endiyne) - 
15 benzothiadiazole] compound 30 at a two-step yield of 94%. 
[0113] 

X H NMR (300 MHz, CDC1 3 ) 5 7.64 (s, 2H) , 7.10 (d, J = 3.6 
Hz, 2H), 7.04 (d, J = 3.6 Hz, 2H), 2.72 (t, J = 7.2 Hz, 4H) , 
2.60 (t, J - 7.5 Hz, 4H), 1.82-1.64 (m, 8H) , 1.16-0.97 (m, 
20 54H). 

UV/Vis ( CHC1 3 ) : [nm] = 371, 473. 

X em (nm) = 569. 

[0114] 
Example 13 

25 Synthesis of di ( thienyl - endiyne ) thieno [ 3 , 4 - b ] pyradine 
compound 36 

(a) Synthesis of silythienyl- endiyne compound 33 
[Chemical Formula 41] 



n-Pr n-Pr 




30 (wherein Me represents a methyl group, and n-Pr represents an 
n- propyl group) . 
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a* 



[0115] 

After addition of tetrakitriphenylphosphine palladium 
(1118 mg, 0.102 mmols), cuprous iodide (38.8 mg, 0.204 nunols) 
and diethylamine (2.6 ml) to a THF (2 ml) solution of the 
5 trans -iodo-enyne compound 31 (0.340 mg, 1.02 mmols), a THF (8 
ml) of ethynyl thiophene 32 was dropped. 

The reaction solution was agitated at room temperature 
overnight, after which water was added to the reaction 
solution for quenching. 
io After extraction from the aqueous phase with ether and 

washing with a saturated saline solution, the resulting 
organic phase was dried over anhydrous magnesium sulfate. 

After filtration, the filtrate was concentrated under 
reduced pressure to obtain a silylthienyl-endiyne compound 33 
15 at a yield of 55% (174 mg) . 
[0116] 

X H NMR (300 MHz, CDC1 3 ) 5 7.27 (dd, J = 1.2, 5 . 1 Hz , 1H) , 
7.18 (dd, J = 1.2, 3.6 Hz, 1H), 6.99 (dd, J - 3.6, 5.1 Hz, 1H) , 
2.48 (t, J = 7.7 Hz, 2H), 2.43 (t, J = 7.8 Hz, 2H) , 1.70-1.56 
20 (m, 4H), 0.98 (t, J = 7.2 Hz, 6H) , 0.22 (s, 9H) . 

13 C NMR (75 MHz, CDC1 3 ) 5 -0.141, 13.54 (x2), 21.59, 
21.66, 36.76, 36.82, 91.69, 92.98, 103.98, 104.65, 123.71, 
127.23, 127.36, 129.81, 130.47, 131.49. 
[0117] 

25 (b) Synthesis of thienyl-endiyne compound 3 4 
[ Chemical Formula 4 2 ] 



n-Pr n-Pr 




33 34 



(wherein Me represents a methyl group, and n-Pr represents an 
n- propyl group). 
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[0118] 

Using the silylthienyl-endiyne compound 33 obtained 
above, a thienyl-endiyne compound 34 was obtained in the same 
manner as in Example 12- (b). The resulting crude product was 
5 confirmed with NMR and used as it is for subsequent reaction. 

X H NMR (300 MHz, CDC1 3 ) 6 7.28 (dd, J = 1.2, 5.1 Hz, 1H) , 
7.20 (dd, J - 1.2, 3.6 Hz, 1H) , 7.00 (dd, J = 3.6, 5.1 Hz, 1H) , 
3.44 (s, 1H), 2.56-2.43 (m, 4H) , 1.72-1.57 (m, 4H) , 0.98 (t, J 
= 6.9 Hz, 6H) . 
10 [0119] 

( c ) Synthes is of di ( thienyl - endiyne ) thieno [ 3 , 4 - b ] pyradine 
compound 36 

[Chemical Formula 43] 



Ph Ph 




36 



15 (wherein n-Pr represents an n-propyl group) . 
[0120] 

Using the thienyl-endiyne compound 34 and 
dibromothieno[ 3 , 4-b]pyrazine 35, a di ( thienyl -endyne ) - 
thieno [ 3 , 4 -b]pyrazine compound 36 was obtained at a two-step 
20 yield of 72% in the same manner as in Example 12-(c). 

X H NMR (300 MHz, CDC1 3 ) 5 7.60-7.24 (m, 12H) , 7.23 (dd, J 
= 0.9, 3.6 Hz, 2H), 7.02 (dd, J = 3.6, 5.4 Hz, 2H), 2.71(t, J 
= 7.5 Hz, 4H), 2.62 (t, J = 7.5 Hz, 4H) , 1.87-1.65 (m, 8H) , 
1.12-0.92 (m, 12H). 

25 UV/Vis (CHC1 3 ) : \nax [nm] = 372, 541. 

X em (nm) = 647. 
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[0121] 
Example 14 



Synthesis of silylated ( pyridine -enyne) compound 43 
(a) Synthesis of alkenylalkynylpyridine compound 38 



5 



[Chemical Formula 44] 



Me 3 Si— 



o 



37 



= SiMe 3 



Me 3 Si— 




(wherein Me represents a methyl group). 
[0122] 

Tetra-i-propoxy titanium (7.31 ml, 24.8 mmols) was added 
10 to an ether (250 ml) solution of dialkynyl pyridine compound 
37 (6.71 g, 24.8 mmols), which was subsequently cooled 
to -78° C, followed by gradual addition of i-propylmagnesium 
chloride (1.94 M/ether solution, 28.0 ml, 54.5 mmols). 



15 agitation was continued for 4 hours. 

Water was added to the reaction solution and, after 
agitation for 30 minutes, was subjected to celite filtration. 

After filtration, the crude product obtained by 
concentrating the filtrate under reduced pressure was purified 
20 with silica gel column chromatography (hexane/ether = 100/1) 
to obtain an alkenylalkyl pyridine compound 38 at a yield of 
95%. 
[0123] 



25 (dd, J = 2.1, 8.1 Hz, 1H), 7.17 (d, J = 14.4 Hz, 1H) , 7.09 (d, 
J = 8.1 Hz, 1H), 6.13 (d, J = 14.4 Hz, 1H) , 0.28 (s, 9H) , 
0.190 (s, 9H). 

13 C NMR (75 MHz, CDC1 3 ) 5 -0.136, 0.562, 98.24, 102.11, 
118.22, 122.62, 138.91, 139.85, 142.94, 151.33, 154.99. 
30 IR (neat): 2957.30, 2159.40, 1585.68, 1539.40, 1474.79, 

1363.43, 1251.09, 1023.53, 839.37 cm* 1 . 



The temperature was raised to -50° C in 1 hour, at which 



X H NMR (300 MHz, CDC1 3 ) 6 8.66 (d, J = 1.5 Hz, 1H) , 7.67 
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[0124] 

(b) Synthesis of dibromoralkynylpyridine compound 39 
[Chemical Formula 45] 




5 (wherein Me represents a methyl group) . 
[0125] 

A dichloromethane (36 ml) solution of the thus obtained 
alkenylalkynyl pyridine compound 38 (4.91 g, 17.8 mmols) was 
cooled down to -78° C, in which a dichloromethane (11 ml) 

10 solution of bromine (1.15 ml, 2 2.5 mmols) was dropped, 
followed by agitation for 10 minutes. 

Methanol (200 ml) and sodium sulfite (9 g) were added to 
the reaction solution for quenching. After the quenching, a 
10% sodium sulfite aqueous solution was further added, and the 

15 resulting aqueous phase was extracted with pentane. Further, 
the aqueous solution was further extracted with pentane/ether 
(1/1), and a combined organic phase was washed with water, 
followed by drying the organic phase over anhydrous magnesium 
sulfate . 

20 After filtration, the crude product obtained by 

concentrating the filtrate under reduced pressure was 
confirmed with NMR and used for subsequent reaction as it is. 
[0126] 

X H NMR (300 MHz, CDC1 3 ) 6 8.61 (dd, J - 0.9, 2.1 Hz, 1H) , 
25 7.74 (dd, J = 2.1, 8.1 Hz, 1H) , 7.44 (dd, J = 0.9, 8.1 Hz, 1H) , 
5.35 (d, J = 8.4 Hz, 1H) , 4.06 (d, J = 8.4 Hz, 1H) , 0.263 (s, 
9H), 0.024 (s, 9H). 
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[0127] 

(c) Synthesis of alkynylbromoalkenyl pyridine compound 40 
[Chemical Formula 46] 



Me 3 Si— 




Br 



5 (wherein Me represents a methyl group) . 
[0128] 

Sodium methoxide (1.0 M/methanol solution, 26.7 ml, 26.7 
mmols) was added to a methanol (180 ml) and THF (45 ml) 
solution of the crude product of the thus obtained 

10 dibromoalkynyl pyridine compound 39 at 0° C and agitated for 1 
hour. The temperature was raised to room temperature, 
followed by agitation for 2 hours. 

The reaction solution was diluted with pentane and water 
and, after funnel separation, the organic phase was dried over 

15 anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the filtrate under reduced pressure was purified 
with silica gel column chromatography (hexane/ether = 50/1) to 
obtain an alkynylbromoalkenyl pyridine compound 40 at a 

20 two-step yield of 66%. 
[0129] 

*H NMR (300 MHz, CDC1 3 ) 6 8.63-8.62 (m, 1H) , 7.72 (dd, J 
= 2.1, 8.1 Hz, 1H), 7.44 (d, J = 13.8 Hz, 1H) , 7.12 (d, J = 
13.8 Hz, 1H), 7.11 (dd, J = 0.9, 8.1 Hz, 1H) , 3.26 (s, 1H) 
25 [0130] 

(d) Synthesis of silylalkynylbromoalkenyl pyridine compound 41 
[Chemical Formula 47] 




Br 




Br 



Me 3 Si— 



40 



41 



(wherein Me represents a methyl group) . 
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[0131] 



The alkynylbromoalkenyl pyridine compound 41 (1.51 g, 
7.26 mmols) obtained above was dissolved in THF (24 ml) and 
cooled down to -78° C. Sodium bis ( trimethylsilyl ) amide (1.0 
5 M/THF solution, 9.44 ml, 9.44 mmols) was dropped and agitated 
for 2 hours. Chlorotrimethylsilane (138 ml, 10.9 mmols) was 
added to the reaction solution at the temperature, after which 
the temperature was raised to room temperature, followed by 
overnight agitation . 
10 Water was added to the reaction solution at 0° C for 

quenching. Extraction from the aqueous phase was carried out 
with use of ether, followed by washing with water and drying 
the organic phase over anhydrous magnesium sulfate. 



15 concentrating the filtrate under reduced pressure was purified 
with silica gel column chromatography (hexane/ ether = 100/1) 
to obtain a silylalkynylbromoalkenyl pyridine compound 41 at a 
yield of 86%. 
[0132] 

20 X H NMR (300 MHz, CDC1 3 ) 6 8.58 (d, J = 1 . 8 Hz , 1H) , 7.66 

(dd, J - 2.1, 8.4 Hz, 1H) , 7.40 (d, J = 13.8 Hz, 1H) , 7.09 (d, 
J = 13.8 Hz, 1H), 7.06 (d, J = 7.8 Hz, 1H) , 0.25 (s, 9H) 

13 C NMR (75 MHz, CDC1 3 ) 5 0.23, 99.07, 101.54, 113.98, 
119.08, 120.77, 135.94, 139 . 44 , 152 . 52 , 152.75. 
25 IR (neat): 2959.23, 2159.40, 1472.87, 1249.65, 1162.87, 

1022.57, 935.79, 843.22. 
[0133] 

(e) Synthesis of silylated (pyrdine-enyne) compound 43 
[Chemical Formula 48] 



After filtration, a crude product obtained by 




41 



42 




30 



43 

(wherein Me represents a methyl group) . 
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[0134] 

Dichlorobistriphenylphosphine palladium (47.0 mg, 0.0667 
mmols), cuprous iodide (25.0 g, 0.133 mmols) and diethylamine 
(0.690 ml, 6.67 mmols) were added to a degassed THF (2 ml) 
5 solution of the silylalkynylbromolakenyl pyridine compound 41 
(0.373 g, 1.33 mmols) obtained above at room temperature, in 
which a degassed THF (10 ml) solution of a ethynyl pyridine 
compound 42 (0.274 g, 1.47 mmols) was dropped. 

The reaction solution was agitated for 2 hours at room 
10 temperature, to which water was added for quenching. 

After extraction with ether from the aqueous solution 
and washing with a saturated saline solution, the organic 
phase was dried over anhydrous magnesium sulfate. 

After filtration, a crude product obtained by 
15 concentrating the filtrate under reduced pressure was purified 
with silica gel column chromatography (hexane/ethyl acetate = 
100/1) to obtain a silylated ( pyridine - enyne ) compound 43 at a 
yield of 78% (0.403 g) . 
[0135] 

20 *H NMR (300 MHz, CDC1 3 ) 6 8.632 (s, 1H) , 8.626 (s, 1H) , 

7.69 (d, J = 2.1, 8.1 Hz, 1H) , 7.66 (dd, J = 2.1, 8.1 Hz, 1H), 
7.19 (d, J = 8.1 Hz, 1H), 7.12 (d, J = 8.1 Hz, 1H), 7.04 (d, J 
= 15.6 Hz, 1H), 6.97 (d, J = 15.6 Hz, 1H) , 2.79 (t, J = 7.8 Hz, 
2H), 1.79-1.64 (m, 2H) , 1.42-1.23 (m, 6H) , 0.876 (t, J = 6.9 

25 Hz, 3H), 0.265 (s, 9H). 

13 C NMR (75 MHz, CDC1 3 ) 6 -0.331, 13.91, 22.44, 28.91, 
29.57, 31.57, 38.34, 91.10, 91.41, 99.39, 101.81, 113.33, 
117.39, 119.47, 121.56, 122.20, 138.79, 139.41, 139.85, 151.88, 
152.81, 153.03, 162.36. 

30 UV/Vis ( CHC1 3 ) : >^ ax [nm] (elM-'cm -1 ] ) = 345 (56 800). 
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[0136] 
Example 15 

Synthesis of ( pyridine -enyne) compound 44 
[Chemical Formula 49] 




O 

^— N 



C 6 H 13 



5 




N 



44 



(wherein Me represents a methyl group). 
[0137] 



Using the thus obtained silylated (pyridine-enyne) 
compound 43 (0.390 g, 1.01 mmols), a (pyridine-enyne) compound 
10 44 was obtained in the same manner as in Example 2. 

The resulting crude product was confirmed with NMR and 
used as it is for subsequent reaction. 

X H NMR (300 MHz, CDC1 3 ) 6 8.67 (d, J = 2.4 Hz, 1H) , 8.63 
(d, J = 2.4 Hz, 1H), 7.73 (dd, J = 2.4, 8.1 Hz, 1H) , 7.66 (dd, 

15 J = 2.4, 8.1 Hz, 1H), 7.21 (d, J = 8.1 Hz, 1H) , 7.12 (d, J = 
8.1 Hz, 1H), 7.06 (d, J = 15.9 Hz, 1H) , 6.99 (d, J = 15.9 Hz, 
1H), 3.27 (s, 1H), 2.79 (t, J - 7.8 Hz, 2H) , 1.78-1.62 (m, 2H) , 
1.42-1.23 (m, 6H), 0.875 (t, J = 6.9 Hz, 3H) . 
[0138] 

20 Example 16 

Synthesis of silylated (pyridine-enyne) dimer compound 45 
[ Chemical Formula 50 ] 



Me 3 Si — 




N 



Br 



+ 



41 





45 



(wherein Me represents a methyl group) . 
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[0139] 

The silylalkynylbromoalkenyl pyridine compound 41 (0.423 
g, 1.51 mmols) obtained in Example 14- (d) was dissolved in 
degassed THF (3 ml), to which tetrakistriphenylphosphine 
5 palladium (58.3 mg, 0.0505 mmols), cuprous iodide (10.0 mg, 
0.0505 mmols) and diethylamine (0.522 ml, 5.05 mmols) were 
added at room temperature, in which a degassed THF (10 ml) 
solution of the crude product of the (pyridine-enyne) compound 
44 obtained above was dropped. 

10 The reaction solution was agitated at room temperature 

for 2 hours, after which water was added to the reaction 
solution for quenching. 

After extraction with chloroform from an aqueous phase 
and washing with a saturated saline solution, the resulting 

15 organic phase was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was purified by recrystallization (hexane- chloroform) to 
obtain silylated (pyridine-enyne) dimer compound 45 at a 

20 two-step yield of 75% 0.390 g) . 
[0140] 

X H NMR (300 MHz, CDC1 3 ) 6 8.67 (d, J = 2.1 Hz, 1H) , 8.64 
(d, J = 2.1 Hz, 2H), 7.72 (dd, J = 2.1, 8.1 Hz, 1H) , 7.70 (dd, 
J = 2.1, 8.1 Hz, 1H), 7.67 (dd, J = 2.1, 8.4 Hz, 1H) , 7.23 (d, 
25 J = 8.1 Hz, 1H), 7.20 (d, J - 8.4 Hz, 1H), 7.13 (d, J = 8.1 Hz, 
1H), 7.07 (d, J = 15.9 Hz, 1H) , 7.06 (d, J = 15.9 Hz, 1H) , 
6.99 (d, J = 15.9 Hz, 2H), 2.79 (t, J = 7.5 Hz, 2H) , 1.78-1.62 
(m, 2H), 1.38-1.22 (m, 6H) , 0.876 (t, J = 6.9 Hz, 3H) , 0.267 
(s, 9H). 

30 13 C NMR (75 MHz, CDC1 3 ) 6 -0.346, 13.90, 22.43, 28.90, 

29.55, 31.55, 38.32, 91.17, 91.37, 91.53, 93.02, 99.51, 101.75, 
113.05, 113.34, 117.37, 119.50, 119.59, 121.69, 121.78, 122.20, 
138.78, 139.00, 139.41, 139.82, 140.29, 151.86, 152.49, 152.81, 
152.84, 153.01, 162.34. 

35 UV/Vis (CHC1 3 ): ?Snax I™] (e[M"W 1 ]) = 376 (74 800). 
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[0141] 
Example 17 

Synthesis of ( pyridine -enyne ) dimer compound 46 
[Chemical Formula 51] 



5 




(wherein Me represents a methyl group) . 
[0142] 

Using the silylated (pyridine -enyne) dimer compound 45 
(93.9 mg, 0.183 mmols) obtained in Example 16, 
10 (pyridine -enyne) dimer compound 4 6 was obtained in the same 
manner as in Example 2 . 

The resulting crude product was confirmed with NMR and 
used as it is for subsequent reaction . 

X H NMR (300 MHz, CDC1 3 ) 5 8.69-8.62 (m, 3H) , 7.74 (dd, J 
15 = 2.4, 8.1 Hz, 1H), 7.72 (dd, J = 2.1, 8.1 Hz, 1H) , 7.67 (dd, 
J = 2.1, 8.1 Hz, 1H), 7.23 (d, J = 8.1 Hz, 1H) , 7.22 (d, J = 
8.1 Hz, 1H), 7.13 (d, J = 8.1 Hz, 1H) , 7.12-7.04 (m, 2H) , 7.01 
(d, J = 15.6 Hz, 1H), 7.00 (d, J = 15.3 Hz, 1H) , 3.28 (s, 1H) , 
2.79 (t, J = 7.8 Hz, 2H), 1.79-1.60 (m, 1H) , 1.41-1.22 (m, 6H) , 
20 0.877 (t, J = 6.9 Hz, 3H) . 
[0143] 
Example 18 

Synthesis of silylated ( pyridine- enyne ) trimer compound 47 
[Chemical Formula 52] 




(wherein Me represents a methyl group). 
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[0144] 

Using the ( pyridine -enyne) dimer compound 46 obtained in 
Example 17, silylated (pyridine -enyne) trimer compound 47 was 
obtained in the same manner as in Example 16 at a two-step 
5 yield of 42% (49.0 mg) . 

*H NMR (300 MHz, CDC1 3 ) 6 8.69-8.65 (m, 2H) , 8.64-8.61 (m, 
2H), 7.76-7.64 (m, 4H) , 7.27-6.96 (m, 10H) , 2.79 (t, J = 7.8 
Hz, 2H), 1.78-1.61 (m, 2H) . 1.38-1.20 (m, 6H) , 0.93-0.84 (m, 
3H), 0.269 (s, 1H) . 

10 UV/Vis (CHC1 3 ): [nm] (elM-W 1 ]) = 394 (80 900). 

[0145] 
Example 19 

Synthesis of cyanopyridyl (pyridine -enyne) compound 49 
[Chemical Formula 53] 




[0146] 

Using bromocyano pyridine 48, cyanopyridyl (pyrdine- 
enyne) compound 49 was obtained in the same manner as in 
Example 16 at a two-step yield of 77%. 

20 X H NMR (300 MHz, CDC1 3 ) 6 8.89 (dd. J = 0.9. 2.1 Hz, 1H) , 

8.78 (d, J = 2.1 Hz, 1H), 8.66-8.63 (m, 1H) , 7.97 (dd. J = 2.1. 

8.1 Hz. 1H) , 7.85 (dd. J = 2.1, 8.1 Hz, 1H) . 7.69-7.61 (m, 2H) , 

7.32-7.22 (m, 1H) , 7.13 (d, J = 8.1 Hz, 1H) . 7.15-6.96 (m. 2H) . 

2.80 (t. J = 7.5 Hz, 2H). 1.78-1.64 (m, 2H), 1.45-1.15 (m, 6H) , 

25 0.868 (t, J = 7.2 Hz. 3H) . 

13 C NMR (75 MHz, CDC1 3 ) 6 13.89. 22.40, 28.85, 29.30, 
31.51. 38.32, 90.72, 91.01, 91.39, 92.09, 108.80, 114.40, 
116.25. 117.42. 117.25, 121.85, 122.27, 126.95, 138.84, 139.47, 
139.42. 139.75. 146.14, 151.89, 152.76, 152.90, 154.26. 162.46. 
30 UV/Vis (CHCI3): [nm] = 366. 
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[0147] 
Example 20 

Synthesis of pyridyl silylated (pyridine -enyne) compound 51 
[Chemical Formula 54] 



(wherein Me represents a methyl group). 
[0148] 

Using ethynyl pyridine 50, pyridyl silylated (pyridine- 
enyne) compound 51 was obtained in the same manner as in 
10 Example 14- (e) at a yield of 73%. 

X H NMR (300 MHz, CDC1 3 ) 6 8.71 (br.s # 1H) , 8.62 (d, J = 
2.1 Hz, 1H), 8.52 (br, s, 1H) , 7.74 (d, J = 7.8 Hz, 1H) , 7.67 
(dd, J = 2.1, 8.1 Hz, 1H), 7.25 (dd, J = 5.1, 7.8 Hz, 1H) , 
7.17 (d, J = 8.1 Hz, 1H), 7.04 (d, J = 15.9 Hz, 1H) , 6.96 (d, 
15 J = 15.9 Hz, 1H), 0.250 (s, 9H) . 

13 C NMR (75 MHz, CDC1 3 ) 8 -0.369, 90.81, 91.82, 99.45, 
101.71, 112.98, 119.55, 120.40, 121.64, 123.08, 138.49, 139.38, 
140.26, 148.78, 152.37, 152.75 (x2). 
[0149] 
20 Example 21 

Synthesis of pyridyl silylated ( pyridine -enyne ) compound 52 
[Chemical Formula 55] 




41 



50 




5 



51 



Me 3 Si 





o 



N 
51 



N 

52 



(wherein Me represents a methyl group) . 
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[0150] 

Using the pyridyl silylated ( pyridine -enyne) compound 51 
obtained in Example 20 # pyridyl (pyridine -enyne) compound 52 
was obtained in the same manner as in Example 2 . 
5 The resulting crude product was confirmed with NMR and 

used as it is for subsequent reaction. 

*H NMR (300 MHz, CDC1 3 ) 5 8.74-8.71 (m, 1H) , 8.69-8.66 (m, 
1H), 8.56-8.53 (m, 1H) , 7.80-7.71 (m, 2H) , 7.31-7.21 (m, 2H) , 
7.08 (d, J = 15.9 Hz, 1H), 7.00 (d, J = 15.9 Hz, 1H) , 3.28 (s, 
10 1H). 

[0151] 
Example 22 

Synthesis of alkoxypyridyl (pyridine -enyne) compound 54 
[Chemical Formula 56] 




15 54 

(wherein Me represents a methyl group) . 
[0152] 

Using iodopropoxy pyridine compound 53 and the 
alkoxypyridyl (pyridine -enyne) compound 52 obtained in Example 
20 21, alkoxypyridyl (pyridine -enyne) 54 was obtained in the same 
manner as in Example 16 at a two-step yield of 65%. 
[0153] 

*H NMR (300 MHz, CDC1 3 ) 6 8.79-8.77 (m, 1H), 8.74-8.71 (m, 
1H), 8.55 (dd, J = 1.8, 5.1 Hz, 1H) , 8.23 (dd, J = 1.8, 4.2 Hz, 
25 1H), 7.84 (dd, J = 2.1, 8.4 Hz, 1H) , 7.78 (dd, J = 1.8, 8.1 Hz, 
1H), 7.32-7.21 (m, 4H), 7.10 (d, J = 15.6 Hz, 1H) , 7.02 (d, J 
= 15.6 Hz, 1H), 4.05 (t, J = 6.3 Hz, 2H) , 1.98-1.86 (m, 2H) , 
1.13 (t, J = 7.5 Hz, 3H) . 

13 C NMR (75 MHz, CDC1 3 ) 6 10.38, 22.38, 70.25, 89.79, 
30 90.39, 90.93, 91.90, 113.09, 118.96, 119.38, 120.41, 121.95, 
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t 



123.12, 124. 15, 133.25, 138.59, 139.33, 140.32, 141.94, 148.85, 
152.41, 152.74, 153.03, 156.87. 

UV/Vis (CHC1 3 ) : >w [nm] = 339. 

[0154] 
5 Example 23 

Synthesis of bis [ silylated ethynyl ( thienyl-endiyne ) ] benzene 
compound 56 

[Chemical Formula 57] 



(/-Pr) 3 Si 




-Si(/-Pr) 3 



10 (wherein n-Pr represents an n-propyl methyl group and i-Pr 
represents an i-propyl group) . 
[0155] 

The trans - thienyliodo-enyne compound 6 (311 mg, 0.594 
mmols) was dissolved in degassed THF (1.3 ml), to which 

15 tetrakistriphenylphosphine palladium (11.5 mg, 0.00991 mmols), 
cuprous iodide (3.77 mg, 0.0198 mmols) and diethylamine (0.62 
ml) were added at room temperature, in which a degassed THF 
(1.3 ml) solution of 1 , 4-diethynylbenzene 55 (25.0 mg, 0.198 
mmols) was dropped. 

20 The reaction solution was agitated at room temperature 

for 12 hours, after which water was added to the reaction 
solution for quenching. 

After extraction with ether from an aqueous phase and 
washing with a saturated saline solution, the resulting 

25 organic phase was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was purified by silica gel column chromatography (hexane/ether 
= 3/1) to obtain bis [ silylated ethynyl (thienyl-endiyne) 

30 benzene compound 56 at a yield of 89% (163 mg). 
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[0156] 

*H NMR 6 7.41 (s, 4H), 7.10 (d, J = 3.9 Hz, 2H) , 7.03 (d, 
J = 3.9 Hz, 2H), 2.57 (t, J = 7.5 Hz, 4H) , 2.54 (t, J = 7.5 Hz , 
4H), 1.78-1.58 (m, 8H) , 1.20-1.10 (m, 42H) , 1.02 (t, J = 7.5 
5 Hz, 12H). 

13 C NMR: 6 132.29, 131.27, 131.04, 130.21, 129.55, 125.04, 
124.58, 123.27, 98.92, 98.82, 97.21, 94.00, 91.53, 91.24, 
37.13, 36.86, 21.88 (x2), 18.61, 13.67, 13.59, 11.28. 

UV/Vis ( CHC1 3 ) : X abs [nm] = 395. 

10 [0157] 

Example 2 4 

Synthesis of bis [ silylated ethynyl ( phenyl- endiyne ) ] benzene 
compound 58 

[Chemical Formula 58] 

(APr) 3 Si = <Q> 

57 

(>Pr) 3 Si- 

15 

(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group) . 

[0158] 

Using trans -phenyliodo-enyne compound 57 and 
20 1 , 4-diethynylbenzene 55, bis [ silylated ethynyl ( phenyl - 

endiyne) ] benzene compound 58 was obtained at a yield of 65% in 

the same manner as in Example 23. 

[0159] 

m.p. = 73-80° C . 

25 *H NMR 5 7.50-7.30 (m, 12H) , 2.60 (t, J - 7.5 Hz, 8H) , 

1.82-1.62 (m, 8H), 1.20-1.10 (m, 42H) , 1.03 (t, J = 7.5 Hz, 
12H) . 
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"C NMR 5 131.94, 131.26, 131.08, 129.97, 129.93, 123.41, 
123.28, 123.21, 106.69. 98.57, 98.52, 92.81, 91.28. 91.13. 
37.08 (x2). 21.89 (x2), 18.66. 13.73 (x2). 11.31. 

IR (KBr) 2957. 2864, 2151, 1654, 1503. 1458. 1260, 1099. 
5 1016. 881. 833, 759, 672 cm 1 . 

UV/Vis (CHC1 3 ) : X ab8 tnm] = 379. 

[0160] 
Example 25 

Synthesis of bis [ silylated ethynyl ( phenyl - endiyne ) ]thiophene 
10 compound 60 

[Chemical Formula 59] 



(APr) 3 Si 




Si(APr) 3 



60 

(wherein n-Pr represents an n- propyl group and i-Pr represents 
an i- propyl group) . 
15 [0161] 

Using trans -phenyliodo-enyne compound 57 and 
2 , 5-diethynylthiopheneben 59, bis [ silylated thienyl (phenyl - 
endiyne )] thiophene compound 60 was obtained at a yield of 30% 
in the same manner as in Example 23. 
20 [0162] 

*H NMR 5 7.45 (d. J = 8.4 Hz, 4H) , 7.38 (d, J = 8.4 Hz, 
4H), 7.08 (s, 2H). 2.58 (t, J = 7.5 Hz, 4H) , 2.55 (t, J = 7.5 
Hz, 4H). 1.80-1.62 (m. 8H) , 1.20-1.10 (m, 42H). 1.024 (t, J = 
7.5 Hz, 6H), 1.019 (t, J = 7.5 Hz, 6H) . 

25 13 C NMR: 6 132.05. 131.58. 131.19, 130.35, 129.60, 125.10. 

123.43. 123.38, 106.75, 98.95, 94.67, 92.91, 91.55, 91.10, 
37.09, 36.79, 21.79 (x2), 18.55. 13.57 (x2). 11.19. 

IR (neat) 2959. 2153, 1600, 1501, 1461. 1381, 1227. 995. 
883, 835, 800, 735. 675 cm' 1 . 

30 UV/Vis ( CHCI3 ) : X ab8 [nm] = 401. 
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[0163] 
Example 26 

Synthesis of silylated ethynyl( phenyl -endiyne) phenyl ether 
compound 62 
5 [Chemical Formula 60] 



(/-Pr) 3 Si 



</-Pr) 3 Si 




Si(APr) 3 



62 

(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group). 

[0164] 

10 Using trans -phenyliodo-enyne compound 57 and 4-ethynyl 

phenyl ether 61 , silylated ethynyl( phenyl -endiyne) phenyl 
ether compound 62 was obtained at a yield of 49% in the same 
manner as in Example 23. 
[0165] 

15 m.p. = 47-50°C. 

*H NMR 5 7.43 (d, J = 8.7 Hz, 4H) , 7.42 (d, J = 8.7 Hz, 
4H), 7.36 (d, J = 8.7 Hz f 4H) , 6.98 (d, J = 8.7 Hz , 4H) , 2.56 
(t, J = 7.5 Hz, 8H), 1.78-1.60 (m, 8H) , 1.20-1.10 (m, 42H) , 

I. 00 (t, J = 7.2 Hz, 12H) . 

20 13 C NMR: 6 156.72, 133.04, 131.93, 131.06, 130.12, 129.24, 

123.50, 123.14, 118.93, 118.58, 106.74, 98.19 (x2), 92.72, 
91.19, 88.96, 37.13, 37.02, 21.88 (x2), 18.66, 13.72 (x2), 

II. 31. 

IR (KBr) 2957, 2864, 2151, 1654, 1594, 1496, 1459, 1239, 
25 1099, 1015, 878, 832, 673 cm" 1 . 

UV/Vis (CHC1 3 ): X ab8 [nm] = 351. 
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[0166] 
Example 27 

Synthesis of bis [ silylated ethynyl ( phenyl -endiyne )] - 
bithiophene compound 64 
5 [Chemical Formula 61] 



</-Pr) 3 Si- 




Si(APr) 3 



64 



(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group). 

[0167] 

10 Using trans-phenyliodo-enyne compound 57 and 

5,5' -diethynyl-2, 2' -bithiophene 63, bis [ silylated 
ethynyl (phenyl -endiyne) bithiophene compound 64 was obtained 
at a yield of 58% in the same manner as in Example 23. 
[0168] 

15 m.p. = 60-63°C. 

X H NMR 6 7.44 (d, J = 8.4 Hz, 4H) , 7.38 (d, J = 8.4 Hz, 
4H), 7.10 (d, J = 3.9 Hz, 2H) , 7.07 (d, J = 3.9 Hz, 2H) , 2.57 
(t, J = 7.5 Hz, 4H), 2.55 (t, J = 7.5 Hz, 4H) , 1.78-1.60 (m, 
8H), 1.20-1.10 (m, 42H), 1.02 (t, J = 7.2 Hz, 12H) . 

20 13 C NMR: 5 138.32, 132.51, 132.05, 131.18, 130.03, 129.71, 

124.13, 123.46, 123.35, 122.94, 106.75, 98.84, 95.00, 92.90, 
91.78, 91.16, 37.07, 36.81, 21.80 (x2), 18.55, 13.58 (x2), 
11.20. 

IR (KBr) 2934, 2862, 2150, 1654, 1502, 1458, 1378, 1223, 
25 994, 881, 833, 791, 759, 674 cm 1 . 

UV/Vis (CHC1 3 ) : X abs [nm] = 423. 
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[0169] 
Example 28 

Synthesis of bis [ silylated ethynyl (phenyl- endiyne) ] - 
naphthalene compound 66 
5 [Chemical Formula 62] 



(APr) 3 Si 




Si(APr) 3 



66 

(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group). 

[0170] 

10 Using trans -phenyliodo-enyne compound 57 and 

2 . 6-diethynylnaphthalene 65, bis [ silylated ethynyl ( phenyl - 
endiyne )] naphthalene compound 66 was obtained at a yield of 
60% in the same manner as in Example 23. 
[0171] 

15 m.p. = 42-46'C. 

*H NMR 6 7.93 (s, 2H) . 7.76 (d, J = 8.1 Hz, 2H) , 7.52 (d, 
J = 8.1 Hz, 2H), 7.45 (d, J = 8.4 Hz, 4H) , 7.39 (d. J = 8.4 Hz. 
4H), 2.74-2.52 (m, 8H), 1.85-1.65 (m, 8H) . 1.20-1.10 (m, 42H) , 
1.05 (t. J = 7.2 Hz, 6H), 1.04 (t, J = 7.2 Hz, 6H) . 

20 13 C NMR: 6 132.45, 132.03, 131.17, 130.87, 130.17, 130.00, 

129.12. 127.87, 123.56, 123.31, 121.78, 106.82, 99.20. 98.60, 
92.81, 91.24, 90.52, 37.09, 37.06, 21.83 (x2), 18.55. 13.64 
(x2), 11.21. 

IR (KBr) 2957, 2863, 2151. 1654. 1595, 1500, 1458, 1377, 
25 1261, 1098. 1017. 883. 807. 670 cm" 1 . 

UV/Vis (CHC1 3 ): \ bs [nm] = 384. 



-71- 



[0172] 
Example 30 

Synthesis of bis [ silylated ethynyl( phenyl -endiyne) ] - 
anthracene compound 68 
5 [Chemical Formula 63] 



(APr) 3 Si 




Si(APr) 3 



68 



(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group) . 

[0173] 

io Using trans -phenyliodo-enyne compound 57 and 

9 , 10-diethynylanthracene 67, bis [ silylated ethynyl (phenyl - 
endiyne) ] anthracene compound 68 was obtained at a yield of 39% 
in the same manner as in Example 23. 
[0174] 

15 m.p. = 127-131°C. 

X H NMR 6 8.59 (dd, J = 3.3, 6.6 Hz, 4H) , 7.63 (dd, J = 
3.3, 6.6 Hz, 4H), 7.47 (d, J = 8.4 Hz, 4H) , 7.42 (d, J = 8.4 
Hz, 4H), 2.84 (t, J = 7.5 Hz, 4H) , 2.82 (t, J = 7.5 Hz, 4H) , 
2.02-1.76 (m, 8H) , 1.20-1.10 (m, 42H) , 1.14 (t, J = 6.6 Hz, 

20 6H), 1.12 (t, J = 7.2 Hz, 6H). 

13 C NMR: 5 131.99, 161.15, 130.30, 130.28, 127.15, 126.79 
(x2), 123.43, 123.35, 118.82, 106.74, 102.79, 99.11, 96.31, 
92.94, 91.46, 37.87, 37.59, 22.31, 22.23, 18.67, 13.94, 13.83, 
11.34. 

25 UV/Vis (CHC1 3 ) : X abs [nm] = 345, 363, 483, 506. 
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[0175] 
Example 31 

Synthesis of bis [ silylated ethynyl( phenyl -endiyne) ] - 
benzothiadiazole compound 70 
[Chemical Formula 64] 



(/-Pr) 3 Si 




Si(APr) 3 



70 

(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group). 

[0176] 

Using trans - phenyliodo - enyne compound 57 and 
4 , 7-diethynyl-2 , 1 , 3-benzothadiazole 69 , bis [ silylated 
ethynyl (phenyl- endiyne )] benzothiadiazole compound 70 was 
obtained at a yield of 39% in the same manner as in Example 23 
[0177] 

m.p. = 191-193° C. 
*H NMR 5 7,66 (s, 2H) , 7.45 (d, J = 8.4 Hz f 4H), 7.40 (d, 
J = 8.4 Hz, 4H), 2.76 (t, J = 7.2 Hz, 4H) , 2.67 .(t, J = 7.2 Hz 
4H), 1.90-1.65 (m, 8H) f 1.20-1.10 (m, 42H) , 1.07 (t, J = 7.5 
Hz, 6H), 1.06 (t, J = 7.2 Hz, 6H) . 

13 C NMR: 6 154.41, 131.96, 131.87, 131.65, 131.15, 129.64, 
123.34, 123.27, 117.19, 106.65, 99.31, 97.71, 94.97, 92.92, 
91.16, 37.29, 36.90, 22.05, 21.91, 18.65, 13.76 (x2), 11.28. 
UV/Vis (CHC1 3 ) : \ &hs [nm] = 351, 466. 
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[0178] 
Example 32 

Synthesis of bis [ silylated e thynyl( phenyl- endiyne) ] - 
pyridazine compound 72 
5 [Chemical Formula 65] 



(/-Pr) 3 Si 




Si(APr) 3 



72 

(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group) . 

[0179] 

io Using trans -phenyliodo-enyne compound 57 and 

3 , 6-diethynylpyrdazine 71 , bis [ silylated ethynyl (phenyl - 
endiyne) ] pyridazine compound 72 was obtained at a yield of 60% 
in the same manner as in Example 23. 
[0180] 

15 m.p. = 130-135°C. 

*H NMR 5 7.47 (s, 2H) , 7.44 (d, J = 8.1 Hz, 4H) , 7.38 (d, 
J = 8.1 Hz, 4H), 2.68-2.52 (m, 8H) , 1.80-1.62 (m, 8H) , 
1.20-1.10 (m, 42H), 1.01 (t, J = 7.5 Hz, 12H) . 

13 C NMR: 6 145.74, 133.52, 132.07, 131.29, 128.64, 128.49, 
20 123.69, 123.11, 106.65, 99.92, 95.31, 94.98, 93.13, 90.55, 
37.24, 36.69, 21.77 (x2), 18.52, 13.55, 13.50, 11.18. 

IR (KBr) 2955, 2863, 2151, 1654, 1501, 1458, 1393, 1261, 
1099, 1017, 880, 833, 806, 671 cm 1 . 

UV/Vis (CHC1 3 ) : X abs [nm] = 386. 
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[0181] 
Example 33 

Synthesis of tri [ silylated ethynyl(phenyl-endiyne) ] benzene 
compound 75 

(a) Synthesis of 1 , 3 , 5-triethynylbenzene compound 7 4 
[Chemical Formula 66] 



(wherein Me represents a methyl group) . 
[0182] 

1 , 3 , 5-Tris [ ( trimethylsilyl )ethynyl] benzene 73 (138 mg, 
0.376 mmols) was dissolved in THF (3.8 ml), to which 
tetrabutylammonium fluoride (1.50 ml, 1.0 mmols/1 in THF, 1.50 
mmols) was added at 0°C. After agitation of the reaction 
solution at 0° C for 1 hour, water was added to the reaction 
solution for quenching. 

After extraction with ether from an aqueous phase and 
washing with a saturated saline solution, the resulting 
organic phase was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
concentrating the resulting filtrate under reduced pressure 
was confirmed with NMR and used as it is for subsequent 
reaction. 




SiMe 3 



73 



74 



[0183] 

(b) Synthesis of tri [ silylated ethynyl ( phenyl - endiyne )] benzene 
compound 75 

[Chemical Formula 67] 



</-Pr) 3 Si 




74 

Si(APr) 3 




Si(/-Pr) 3 



(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group) . 

[0184] 

Trans -phenyliodo-enyne compound 57 (780 mg, 1.50 mmols) 
10 was dissolved in degassed THF (2.4 ml), to which 

tetrakistriphenylphosphine palladium (21.7 mg, 0.0188 mmols), 
cuprous iodide (7.16 mg, 0.0376 mmols) and diethylamine (1.2 
ml) were added at room temperature, followed by dropping a 
degassed THF (2.4 ml) solution of the terminal acetylene 
15 compound 7 4 obtained above. 

The reaction solution was agitated at room temperature 
for 12 hours, to which water was subsequently added to the 
reaction solution for quenching. After extraction with ether 
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from the aqueous phase and washing with a saturated saline 
solution, the resulting organic phase was dried over anhydrous 
magnesium sulfate. 

After filtration, the crude product obtained by 
5 concentrating the resulting filtrate under reduced pressure 
was purified with silica gel column chromatography 
(hexane/ether = 50/1) to obtain tri [ silylated ethynyl (phenyl - 
endiyne) ] benzene compound 75 at a yield of 71% (354 mg) . 
[0185] 

10 m.p. = 87-91° C. 

X H NMR 6 7.431 (d, J = 8.1 Hz, 6H) , 7.427 (s, 3H) , 7.37 
(d, J = 8.1 Hz, 6H), 2.57 (t, J = 7.2 Hz, 12H) , 1.80-1.60 (m, 
12H), 1.20-1.10 (m, 63H), 1.02 (t, J - 7.5 Hz, 9H) , 1.01 (t, J 
= 7.5 Hz, 9H) . 

15 13 C NMR: 6 133.42, 132.05, 131.20, 130.60, 129.70, 124.46, 

123.46, 123.41, 106.78, 98.72, 97.07, 92.87, 90.99, 90.48, 
37.08, 37.00, 21.80 (x2), 18.55, 13.58 (x2), 11.22. 

IR (KBr) 2958, 2863, 2151, 1658, 1576, 1502, 1461, 1260, 
1099, 1016, 879, 832, 674 cm 1 . 

20 UV/Vis (CHC1 3 ): X abs [nm] = 352. 
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[0186] 
Example 34 

Synthesis of tri [ silylated ethynyl( phenyl -endiyne) phenyl] amine 
compound 77 

[Chemical Formula 68] 



(APr) 3 Si 




76 

Si(APr) 3 



(/-Pr) 3 Si 




(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group) . 

[0187] 

Trans-phenyliodo-enyne compound 57 (510 mg, 0.984 mmols) 
was dissolved in degassed THF (1.6 ml), to which 
tetrakistriphenylphosphine palladium (14.2 mg, 0.0123 mmols), 
cuprous iodide (4.69 mg, 0.0246 mmols) and diethylamine (0.77 
ml) were added at room temperature, followed by dropping a 



-78- 



degassed THF (1.6 ml) solution of tri( 4 -ethynyl) phenyl] amine 
76 (78.0 mg, 0.250 mmols ) . 

The reaction solution was agitated at room temperature 
for 12 hours, to which water was subsequently added to the 
5 reaction solution for quenching. After extraction with ether 
from the aqueous phase and washing with a saturated saline 
solution, the resulting organic phase was dried over anhydrous 
magnesium sulfate. 



10 concentrating the resulting filtrate under reduced pressure 
was purified with silica gel column chromatography 
(hexane/ether = 10/1) to obtain tri [ silylated ethynyl ( phenyl - 
endiyne ) phenyl ] amine compound 77 at a yield of 71% (264 mg) . 
[0188] 

15 m.p. = 128-131°C. 

*H NMR 5 7.44 (d, J = 8.1 Hz, 6H) , 7.37 (d, J = 8.1 Hz, 
6H), 7.36 (d, J =8.4 Hz, 6H) , 7.06 (d, J = 8.4 Hz, 6H) , 2.58 
(t, J = 7.2 Hz, 12H), 1.80-1.60 (m, 12H) , 1.20-1.10 (m, 63H) , 

I. 00 (t, J = 7.2 Hz, 18H) . 

20 13 C NMR: 5 146.68, 132.65, 132.02, 131.14, 130.32, 129.19, 

124.09, 123.62, 123.21, 118.36, 106.80, 98.76, 98.23, 92.77, 
91.33, 89.36, 37.07, 36.96, 21.78 (x2), 18.55, 13.61, 13.58, 

II. 19. 



25 1264, 1173, 1100, 1015, 881, 833, 674 cm* 1 . 

UV/Vis ( CHC1 3 ) : X abs [nm] = 339, 399. 

[0189] 
Example 35 

Synthesis of tri [ [ ( anisylethynyl ) phenyl - endiyne ] phenyl ] amine 
30 compound 80 

(a) Synthesis of tri [ (phenyl -endiyne ) phenyl Jamine compound 78 
[Chemical Formula 69] 



After filtration, the crude product obtained by 



1R (KBr) 2955, 2862, 2150, 1651, 1595, 1501, 1459, 1316, 



(APr) 3 Si— = 




N 



TBAF 




78 



N 
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(wherein n-Pr represents an n-propyl group and i-Pr represents 

an i- propyl group) . 

[0190] 

Tri [ s ilylat ed e thynyl ( phenyl - endiyne ) phenyl ] amine 
5 compound 77 (100 mg, 0.0671 mmols ) was dissolved in THF (0.67 
ml), to which tetrabutylammonium fluoride (0.269 mg, 1.0 mol/1 
in THF, 0.269 mmols) was added at 0°C. 

The reaction solution was agitated at 0° C for 1 hour, to 
which water was subsequently added to the reaction solution 
10 for quenching. After extraction with ether from the aqueous 
phase and washing with a saturated saline solution, the 
resulting organic phase was dried over anhydrous magnesium 
sulfate. 

After filtration, the crude product obtained by 
15 concentrating the resulting filtrate under reduced pressure 
was confirmed with NMR and used as it is for subsequent 
reaction. 
[0191] 

(b) Synthesis of tri[ [ (anisylethynyl) phenyl -endiyne] phenyl] - 
20 amine compound 80 

[Chemical formula 70] 




80 

(wherein Me represents a methyl group and n-Pr represents an 
n-propyl group). 
25 [0192] 

4-Iodoanisole 79 (62.8 mg, 0.268 mmols) was dissolved in 
degassed THF (0.84 ml), to which tetrakistriphenylphosphine 
palladium (3.88 mg, 0.00336 mmols), cuprous iodide (1.28 mg, 
0.00671 mmols) and diethylamine (0.21 ml) were added at room 
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temperature, followed by dropping a degassed THF (0.84 ml) 
solution of the terminal acetylene compound 78 obtained above . 

The reaction solution was agitated at room temperature 
for 12 hours, to which water was subsequently added to the 
5 reaction solution for quenching. 

After extraction with ether from the aqueous phase and 
washing with a saturated saline solution, the resulting 
organic phase was dried over anhydrous magnesium sulfate. 

After filtration, the crude product obtained by 
10 concentrating the resulting filtrate under reduced pressure 
was purified with silica gel column chromatography 
(hexane/ether = 5/1) to obtain tri [ silylated ( phenyl - 
endiyne) ] benzene compound 80 at a yield of 47% (42.6 mg) . 
[0193] 

15 *H NMR 6 7.48 (d, J = 8.7 Hz, 6H) , 7.47 (d, J = 8.7 Hz, 

6H), 7.41 (d, J = 8.7 Hz, 6H) , 7.36 (d, J - 8.4 Hz, 6H) , 7.06 
(d, J = 8.4 Hz, 6H), 6.89 (d, J = 8.7 Hz, 6H) , 3.84 (s, 9H) , 
2.59 (t, J - 7.2 Hz, 12H), 1.80-1.62 (m, 12H) , 1.06-0.98 (m, 
18H) . 

20 13 C NMR: 5 159.75, 146.52, 133.07, 132.54, 131.31, 131.20, 

130.11, 129.13, 124.00, 123.25, 123.06, 118.33, 115.10, 114.03, 
98.68, 98.31, 91.34, 91.18, 89.34, 87.96, 55.28, 37.12, 37.04, 
21.88 (x2) , 13.72 (x2) . 

UV/Vis (CHC1 3 ): X abs [nm] = 346, 401. 

25 [0194] 

[2] measurement of fluorescent spectra 

In the following examples, fluorescent spectra were 
measured by use of F-4010 Fluorescence Spectrophotometer (made 
by Hitachi Ltd. ) . 

30 

Example 36 

The compound 36 obtained in Example 13 was dissolved in 
chloroform (9.3 x 10' 6 M) and excited with light of 372 nm, 
whereupon red fluorescence was observed at 647 nm (Fig. 1). 
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Example 37 

The compound 43 obtained in Example 14 was dissolved in 
chloroform (1.6 x 10" 5 M) and excited with light of 347 nm, 
whereupon violet fluorescence was observed at 380 nm (Fig. 2). 
5 [0195] 

Example 38 

The compound 56 obtained in Example 24 was dissolved in 
chloroform (1.0 x 10" 5 M) and excited with light of 395 nm, 
whereupon blue fluorescence was observed at 451 nm (Fig. 3). 

10 

Example 39 

The compound 77 obtained in Example 34 was dissolved in 
chloroform (1.0 x 10" 5 M) and excited with light of 399 nm, 
whereupon blue fluorescence was observed at 459 nm (Fig. 4). 
15 [0196] 

Example 40 

The compounds obtained in the respective examples were 
each dissolved in chloroform (about 10" 5 M) and excited with 
excitation light with an appropriate wavelength, whereupon 
20 fluorescence emission was observed in the respective cases. 
The excitation light and fluorescence maximum (Xraax) in the 
fluorescence spectra of each compound are shown in Table 1 . 
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[0197] 

Table 1 



Example 


Compound 


Excitation 
(nm) 


Fluorescence Amax 
(nm) 


1 


8 


385 


434 


3 


10 


407 


477 


5 


12 


427 


494 


6 


19 


359 


405 


8 


21 


386 


436 


10 


23 


394 


447 


11 


25 


375 


479 


12 


30 


473 


569 


13 


36 


541 


647 


14 


43 


345 


380 


16 


45 


376 


432, 447 


18 


47 


393 


438 


19 


49 


366 


420 


20 


51 


340 


377, 396 


22 


54 


363 


399 


24 


56 


395 


451 


25 


58 


379 


431 


26 


60 


401 


463 


27 


62 


351 


398 


28 


64 


423 


493 


29 


66 


384 


431 


30 


68 


483 


536 


31 


70 


466 


552 


32 


72 


386 


448 


33 


75 


352 


394 


34 


77 


399 


459 


35 


80 


401 


463 
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